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TOPIC IX - THE EROSIONAL PROCESS 
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A. Weathering 

A-1 Evidence of Weathering 



What Is Some Evidence That Earth Mateidals Weather? 
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A-1 .1 Weathering processes 


A-1. 11 
A-1. 12 
A-1. 13 


A- 1.2 Weathering rates 


A-1. 21 
A-1. 22 


A-1. 3 Soil formation 


A-1. 31 
A-1. 32 


A-1. 4 Soil solution 


A-1. 41 




B. Erosion 

B-1 Evidence of erosion 

B-l.l Displaced sediment 

8-1.2 Properties of trans- 
ported materials 

B-2 Factors affecting trans- 
portation 

6-2.1 Gravity 
B-2. 2 Water erosion 



What Evidence Suggests That Rock Materials Are Transported? 
B-1. 11 



B-1. 12 
B-1. 21 






How Does the Transportation of Rock Ittaterials Take Place? 

B-2. 11 



B-2. 3 Wind £nd Ice erosion 
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Mathematical Skill 
Measurement Skill 
- Creating Models 
o Analysis of Error 
Data Analysis 
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B-2. 4 Effect of eroslonal 
agents 

B-2. 5 Effect of man 
B-2. 6 Predominant agent 



PIO-1 

PIO-2 

PiQ-3 

PIO-4 

PIO-5 



Multimedia: Check Multimedia faction 
of Supplement for reference to this 
topic. 
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Challenging ( 1 ) 



IX-A-la: SOIL FORMATION 



QUESTION: 

What is some evidence that earth materials weather? 



MATERIALS : 

Two soil samples, one top soil the other subsoil. If possible, both should be derived from ig- 
neous rock. (This usually can be picked up easily in any gravel bank within a 50 mile radius 
of the Adirondacks and in Isolated areas in the rest of the state.) Other necessary materials 
are: a magnifier, teasing needle, coarse-grained granite, crushed granite (10 ml.), small con- 
tainers. If available, stereo microscopes work very nicely for viewing the soil samples. 



SUGGESTED APPROACH : 

1. Give students the materials listed above, and ask them to follow the instructions listed 
in the student section of this investigation. 

2 You may wish to put a list on the chalkboard of the similarities and differences found by 
the students. This listing often forms the basis for a lively postlaboratory discussion. 



PRECAUTIONS : 

1. Some of the materials used In this investigation may be discolored due to oxidation. Most 
students, however, will be able to distinguish between the fragments of quartz and the 
dark colored ferromagnesium minerals such as mica and hornblende. 

2. Washing the samples to enable observation of the larger particles is a good idea, but will 
Increase the laboratory time beyond the normal period. 



TYPICAL RESULTS : 

1. The students should be able to generalize the relationship between depth of soil and 
effects of weathering on the parent rock. 



MODIFICATIONS: 

Use any residual soil and its parent rock. The problem here is that New York State contains 
very little residual soil. Students should be made aware that New York's soil Is predominant- 
ly transported. 

REFERENCES: 



Investigating the Ear/ i, pp. 274-275, Teacher's Gu*de, pp. 334. 



IX-A-la: SOIL FORMATION 



QUESTION : 

What is some evidence that earth materials weather? 



INTRODUCTION : 

The weathering of granite results iir a^ iiifinbir of ' 
small chunks of quartz and mica, colloids* and ions. The common min- 
erals of granite weather at different rates in the same environment. 
Those that weather most slowly remain as fragments; those that weather 
more rapidly form colloids and ions and are eventually transported 
away by infiltrating ground water and surface running water. In this 
particular investigation, you will study the products of granite that 
accumulate when weathering occurs. 



OBJECTIVES : 

When you have finished this investigation* you should be able to ex- 
plain the relationship between soil, weathered rock, and the parent 
rock. 



METHOD : 

1. Examine the granite and soil samples given to you in whatever de- 
tail you wish. One of the questions you may wish to ask is: “What 
happens when you place a small quantity of each material in a 
separate test tube of water, shake the test tube, and let it 
settle?" 

2. As you progress through your examination of the various samples, 
make a list of the similarities and differences between then. 



QUESTIONS : 

(A-1.12) 1. How are the granite and the two soil samples similar to 
each other and how are they different? 

f A~i *22 i Can y° u identify any of the minerals that are present in 

v ’ * 1 the granite as well as in the soil samples? What are 

they? What are the properties which allowed you to 
identify them? 

(A-1.31) 3. What arrangement can you make of the materials as they 
would be found from the surface of the ground downward? 
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IX-A-lb: REACTION RATE AND PARTICLE SIZE 

QUESTION: 

What Is so roe evlt-^ve that earth materials weather? 

MATERIALS: . . • -..-...7..-, 

Four different size quantities of marble chips, dilute hydrochloric acid, balances, 250 ml 
beakers, timer, lab aprons, graduated cylinders, safety glasses, sieve kit. 

SUGGESTED APPROACH : 

1. Preparation of Materials: 

a) Marble chips may be obtained at very reasonable cost from local nurseries. Approx 
imately 5 gm. will be needed for each student group. 

PRECAUTIONS : 

1. The students should wear the lab aprons and safety glasses at all times during this 
Investigation. 

2. Particles larger than 4 mm. may take more than one class period to dissolve. 

3. Do not substitute test tubes for beakers. 

4. The teacher may want to experiment to find the best acid concentration to complete the 
reaction In the time desired. A 1 to 3 ratio by volume may be satisfactory. 

MODIFICATIONS : 

Use Alka Seltzer If rock material Isn't available. 



IX-A-lb: REACTION RATE AND PARTICLE SIZE 



QUESTION : 

What Is some evidence that earth materials weather? 



INTRODUCTION : 

In this exercise,you are going to Investigate the relationship between 
the particle size of a particular rock and the rate of reaction of an 
acid on It. 



OBJECTIVES : 

When you have finished this investigation, you should be able to: 

1. state the relationship between reaction rate and particle size. 

2. relate reaction rate versus particle size to weathering in the 
natural environment. 



METHOD : 

1. Crush the marble chips until the largest particles are less than 
1/2 cm. In diameter. 

2. With a sieve kit or homemade wire screens, separate the rock Into 
four different size fractions. The fractions should range from 
about 4 to 5 mm. down to a coarse dust. 

3. Mass 5 gram portions of each of the four sized fractions of rock. 

4. Place 100 milliliters of the dilute hydrochloric acid In each of 
the four 250 milliliter beakers. 

5. Add the rock to the acid (GENTLY) and measure the time needed for 
the rock to be completely dissolved (when no more bubbles are 
given off). 

6. Prepare a graph of your observations (particle size versus length 
of reaction time). 



QUESTIONS : 

(A-1.21) 1. What interpretation can be drawn from your graphs? 

(A-1.21) 2. What controls In this Investigation allow you to Interpret 
the relationship between particle size and reaction rate? 



IX-A-lb 

3. What experimental errors might be present in this inves- 
tigation that were not taken into account? 

a*] I i s ^i s investigation related to naturally occurring 

geological processes? 
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Challenging (2) 



IX-A-lc: ROCK ABRASION 



QUESTION : 

What is some evidence that earth materials weather? 



MATERIALS : 

Bottle or covered cans, balance, soaked rock, (soft limestone or shale), screen, clock, 
graph paper, large bottle (for rock debris). 



SUGGESTED APPROACH: 



1 . 



Angular, freshly broken chips of limestone or shale, soft enough to abrade, provide 
the best material for this investigation. The chips should be soaked at least one 
hour prior to the period they are to be used. This soaking enables the material to 
absorb water and reduce experimental error. 



2. Discuss the factors that might affect the rate at which rocks wear. 



3. A brief discussion of how one might go about studying the specific factor of time 
should be undertaken. This discussion should include controls, experimental error, 
suggested time intervals, measurement, and graphing of the data. 

4. After each group has completed their shaking time, have them dispose of the water 
in a common container. 



5. Following completion of the investigation, a chart of all the student data should be 
made so that the students can prepare graphs on the complete set of data. 



PRECAUTIONS : 

1. Presoaking is essential to accurate student measurements. 

2. Chips should not be used more than once, since the rounded fragments do not erode 
as easily and the results in the succeeding investigation will be quite poor and 
difficult to interpret. 

3. The rate and manner of shaking of the different groups should be as similar as 
possible. 

4. In order to get standardized results.lt will be necessary to express the abrasion as 
a percent of weight lost rather than an amount. 



TYPICAL RESULTS : 

If the procedures are standardized, the results of the students should be quite similar. 
The data, although scattered, should Illustrate an Increase In the mass lost per unit time. 

A leveling off of the weathering rate may become evident If the times become extended. This 
leveling is due to the particles becoming sufficiently rounded to reduce the rate of weathering 
significantly. 

MODIFICATIONS : 

1. Use other variables such as different types of rocks, rhythms for shaking, or amounts 
of water. 

REFERENCES 



Investigating the Barth » pp. 17-19, Teacher's Guide, pp. 42-44 



IX-A-lc: ROCK ABRASION 



QUESTION : 

What Is some evidence that earth materials weather? 



INTRODUCTION : 

The materials of the earth are undergoing continual change, both 
chemical and physical. As the result of these changes, the materials can 
be changed in size, shape, and composition. This investigation is concern- 
ed with the physical changes tha* rocks undergo as they are carred in a 
stream as a result of contact with the streambed, as well as other mate- 
rials in the stream. 



OBJECTIVES : 

When you finish this investigation, you should be able to: 

1. state the relationship between time and the effect of mechanical 
abrasion on rock fragment*. 



METHOD: 

1. Take two spoonfuls of soaked rock. Using the balance, determine 
the mass and record it. Place the rock in the jar provided, add 
500 ml. of water and shake the jar for the assigned number of 
minutes with the motion agreed upon by the class. 

2. Pour the liquid contents of the jar through a screen into another 
bottle. Place the material which did not pass through the^ screen 
on a paper towel. 

3. Determine the mass of the materials on the paper towel and record 
It. 

4. Compare the materials on your paper towel with those of groups 
having different shaking times and describe any differences which 
are evident. 

5. Stir the contents of your discard bottle and measure out 100 ml. 
Mass a piece of wet filter paper, record the mass, and place It 
In a funnel. Pour the 100 ml. of discard liquid through the 
filter paper and record the mass. Calculate the mass of suspended 
materials per 100 ml. of waste water, 

6. Place 25 ml. of the filtrate from Step 5 In a massed evaporating 
dish and evaporate to dryness. Mass the dish and Its contents 
and calculate the mass of dissolved material per 100 ml of water. 
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IX-A-lc 



7. Determine the percent of change in mass for the particular time 
you shook the contents of the container. Place your data with 
that of the other groups on the summary data chart provided on 
the board. 



percent change s 



initial mass - final mass 
Initial mass 



X 100 



8. Using the data collected by the entire class, draw a graph 
consisting of shaking time versus percent of mass lost. 



QUESTIONS : 

(A-l.ll) 1. why were the rock fragments presoaked before you used 
them? 

(A-1.21) 2. What generalization can you make after comparing the 
observations of your remaining rock chips with those 
of the other groups who had different shaking times? 



(A-1.21) 3. What interpretation can you give of your graph of the 
data compiled by the class? 

(A-1.21) 4. Hew can you account for the leveling off of the curve 
as it approaches the longer shaking periods? 

5. How many grams of rock per 1Q0 ml. went into suspension? 
into solution? 



(A-l.ll) 6. What comparisons can you draw between this Investigation 
and the natural environment? 



4 





Easy (1,5) 



IX-B-la: NATURE OF SAND 



QUESTION : 

What evidence suggests that rock materials are transported? 



MATERIALS : 

Sand from a local beach, stream bed, and sand pit; sandstone (different varieties), crushed 
granite, dropping bottles of diluted hydrochloric acid, test tubes, magnets, balance, small 
cans, magnifiers (10X), optional: Stereo microscopes. 



SUGGESTED APPROACH : 

1. This investigation is quite open in nature. The student should be allowed to investigate 
a wide number of properties of the sand. 



PRECAUTIONS : 

1. Label the specimens of sandstone. The sandstone will become spotted with acid, so have 
different specimens for each class. 




IX-B-la: NATURE OF SAND 



QUESTION : 

What evidence suggests that rock materials are transported? 



INTRODUCTION : 

Sand is the result of many earth processes. In this Investigation, you 
will make a large number of observations concerning the "nature of 
sand" and gain an insight into its source area, transportation media, 
and area of depositior . 



OBJECTIVES : 

When you have finished this 1nvestigat1on,you should be able to: 

1. detect differences in sand samples* 

2. make inferences as to the origin of sand, and weathering agents 
responsible for Its condition. 



METHOD : 

1. Examine the sands available. Use both the unaided eye and your 
magnifier. Note the size and shape of grains, their color and 
transparency. 

2. Using any of the materials provided, determine the properties 
if the dominant material in the sand. Record the properties of 
.ny other materials that you think are present. NOTE: Diamonds 
and gold are found in sands in some parts of the world. 

3. Fill two small cans of equal size with different sands. Compare 
their mass. Examine the samples with the magnifier and test them 
with a magnet. Record your observations. 

4. Take the crushed fragments provided and examine the particles. 
Compare these to the samples of sand. Record your observations. 

5. Place some of the crushed particles In a test tube half filled 
with water, shake them and allow them to settle. Record any sort- 
ing that might take place. 

6. Examine the specimens of the various kinds of sandstone. Try to 
rub some of the grains off. Note what happens with each specimen. 

7. Put a drop of hydrochloric acid on each sandstone specimen and 
record what happens. 



IX-B-la 



QUESTIONS: 




(B-1.21) 1. 


In what ways were the sands that you observed different 
from each other? 


(B-1.21) 2. 


In what ways were the sands that you observed similar to 
each other? 


(B-1.21) 3. 


What characteristics did the dominant material In the 
sand have? Did you observe any other materials with dif- 
fering characteristics In the sand? If sc* what were 
their characteristics? What characteristics do all the 
materials in the sand have in cannon? 


4. 


What were the similarities and differences you observed 
in the light and dark-colored sands? 


(A-1.22) 5. 


What were the similarities and differences you observed 
between the crushed particles of rock and the particles 
of sand you observed? Based on the similarities of the 
crushed material and the sand* what possible relationship 
between the two could be drawn? 


6 . 


What inferences would you l\ke to make about where the 
sand originated? How was it transported? How was it 
deposited? If given more time and the necessary equip- 
ment, do you think you could investigate these materials 
longer and come up with additional observations? What 
would you do? 


(A-1.12) ? 
(A-1.22) '• 


What observations did you make when you compared the 
various kinds of sandstone in regards to their: 

a) ability to rub off grains 

b) reaction to acid 

c) color changes after application of the acid 



Eaay (2) 



IX-B-2a: STREAM FLOW 



QUESTION : 

How does the transportation of rock materials take place? 

MATERIALS : 

Trough (3* to 6‘ in length), thin-walled hose with adjustable clamps, support for trough buckets 
for dispensing and collecting water, stop watch, coarse sand, protractor, fine silt, small 
bits of paper folded like butterfly wings. 

SUGGESTED APPROACH : 

1. The apparatus should be set up as indicated in student directions. 

2. When investigating the effects of slope, thu volume must be kept constant. When the 
effect of a change in volume is investigated, the slope must be kept constant. 

3. When investigating variations due to grain size, slope and volume must remain constant. 

4. Follow the investigation with Field Experience #3 ("Stream") so that the investigation 
may continue. 



PRECAUTIONS : 

1. Emphasis should be made that the investigation concerns a MODEL of an actual stream, *nd, 
as such, it does not represent the conditions in a stream exactly . 

2. Do not overemphasize the importance of slope since most rivers have a very low slope. 
Rivers in general probably vary more in volume than in slope. The same river may vary 
in volume a number of times during the year. 

3. The water should be run into the trough and not on the gravel to best approximate the 
conditions of an actual stream. 



TYPICAL RESULTS : 

Quantitative results will not be too accurate. However, the students should be able to see 
the direct relationship between rate of erosion and the slope and volume of a stream. 



MODIFICATIONS : 

1. MATERIALS: Large, round* straight-sided glass jars (preferably battery jars); smaller round 
straight-sided glass jars that nest inside the larger ones, clean sand and gravel, dowel 
sticks or other thin sticks for stirring, heavy white or black paper, graph paper. 



> 
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SUGGESTED APPROACH: 



a) Set up apparatus as shown In the diagram below: 




Mixture of clean sand* small 
pebbles* and water 



b) Line the Inner jar with white or black paper and weigh it down with a heavy object so 
that it will not move easily. 

c) Center the inner jar and place some clean sand and small pebbles in the space between 
the inner and the outer jar. Then add water to the sand and pebbles to within one 
inch of the top of the shortest jar. 

d) Demonstrate to the students how a stirring stick may be moved around and around in the 
water to produce a steady flow of water in the space between the jars, causing the sand 
and pebbles to move. Point out that this is really, In a sense, a "circular creek." 

e) Let the students determine the relation of the diameter of the particles moved to the 
velocity of the water, and then graph their findings. Students may be allowed to work 
out their own procedures. Bits of paper towel in the water can aid In determining 
its velocity. 

2, To form a large circular creek, cut or saw through the middle of the tread of a badly worn 

automobile tire to form two halves. Apply white paint to the inside of one of the halves. 

Partially fill it with sand, pebbles, and water. 



REFERENCES: 



Investigating the Earth, pp. 279-282, Teacher's Guide, pp. 339-340. 



IX-B-2a: STREAM FLOW 



QUESTION : 

How does the transportation of rock materials take place? 



INTRODUCTION : 

Streams and rivers vary in their ability to erode earth materials. 

Two factors that are most vital are the stream’s slope and volume. In 
this exercise you will be investigating the relationship of these two 
quantities to the ability of a stream to erode the land. 



OBJECTIVES : 

When you have finished this investigation you should be able tc: 

1. graph and state the relationship between the variables of slope 
and voltme of stream flow to: the rate of erosion and the particle 
size capable of being transported. 



METHOD : 

1. Place the trough on your desk so that the end overhangs about 6 
inches. Lift the other end up and support It with books at about 
a 15 degree angle. Position a bucket full of water so that you 
can siphon water by means of 2 hoses into the upper part of the 
trough , Place another bucket on the floor to catch the water after 
it leaves the trough. 

2. .sing one siphon, with the clamp opened no more than half way, 
determine the water velocity (by placing small bits of folded paper 
in the water and measuring the time for them to go a measured dis- 
tance down the trough) at two different slopes between 15 degrees 
and 0 degrees. Record your observations and graph the results. 

3. Now position the trough at about 10 degrees slope. This time 
measure the velocity with the one siphon open and again with two 
siphons open. 

4. Position the trough at 10 degrees slope with one siphon open. Now 
pour 10 ml. of coarse sand into the trough, record how long it 
takes for all the sand to be transported away. Next open both 
siphons and repeat. 

5. Position the trough at 15 degrees slope and open only one siphon. 
Pour in 10 ml. of coarse sand and measure the time for It to be 
transported. Lower the trough to 5 degrees and repeat. Record 
the time in both Instances. 




IX-B-2a 



6. Repeat sections 4 and 5 using 10 ml. of fine silt. Record your 
observations. 

7. Graph your results for steps 2 and 3. 



QUESTIONS: 



(B-2.22) 1. From your observations, what do you think the relation- 
ship is between stream slope and the ability of a stream 
to erode? 

(B-2.23) 2. From your observations, what do you think is the re- 
lationship between stream volume and its ability to erode? 



do 22 ) 

B-2 231 w hat do you hypothesize is the relationship between 
d-c.co; particle size in a stream and the slope and volume of 
that stream? 



4. What could happen in nature in order to produce these 
same changes in slope and volume that you did in your 
model of a stream? 
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TOPIC X - THE DEPOSITIONS PROCESS 
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A, Deposition 
A-l Factors 
A-l.l Size 



A-1.2 Shape 
A- 1.3 Density 
A-l. 4 Velocity 



What Facto rs Affect the Deposition of Particles in a Medium? 

A-l. 11 “ 



A-l .12 
A-1.13 
A-1.21 
A-l. 31 
A-l. 41 
A r l .42 
A-l. 43 
A-1.44 
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B. Erosional-depositional system 
B-l Characteristics 

B-l.l Erosional deposition- 
al change 

B-l .2 Dominant process 

B-l. 3 Erosion-deposition . 
interface 

B-l. 4 Dynamic equilibrium 
B-l. 5 Energy relationships 



What Are Some Characteristics of an Erosional 
Depositianal System? 



B-l. 11 

B-l .21 
B-l. 31 
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Mathematical Skill 


PIO-1 


Measurement Skill 


PIO-2 


Creating Models 


PIO-3 


Analysis of Error 


PIO-4 


Data Collection & Organization 


PIO-5 
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Multimedia: Check Multimedia Section 
of Supplement for reference to this 
topic. 
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Easy (1) 



X-A-la: DEPOSITION OF SEDIMENTS 



QUESTION ; 

What factors affect the deposition of particles In a medium? 

MATERIALS : 

Plastic column (80 cm. long x 35 mm. Inside diameter), cap or stopper, ring stand and clamp, 
sorted sediments (pebble to fine silt. ..5 ml. of each size), screen sieves, unsorted sedi- 
ments (100 ml.), watc.. ; r clock with second hand, water, graph paper. 



SUGGESTED APPROACH : 

1. Recommended groups of two students. 

2. The apparatus Is to be set up as suggested in student sheet. 

3. Advanced Preparation: prepare five different sizes of sediment. Gravely sand w ? 1 1 serve 

as an adequate unsorted material. 

4. A brief prelaboratory discussion involving the prediction of the relationship '“tween 
sediment size and settling time sets the stage for the investigation. 

5. Have apparatus available, that could be used to find the density of the particles. Some 
of the students may want to investigate density as a variable. 

6. Shape of grains could also be investigated as a variable. 

7. One tube should be set up with a fine clay suspension where it can be left undisturbed for 
a few days to demonstrate the characteristics of a colloidal suspension. 



PRECAUTIONS : 

1. Make sure sediments are thoroughly sieved. 

2. Caution the students to make sure that the hose and stopper are securely in position. 

3. Caution the students to time the main body of the sediments. Some particles will settle 
almost immediately while others will remain in colloidal suspension. 

4. Decide on a scale to depict the different sized particles. 

TY PICAL RESULTS : 

Students' graphs should show a decrease in settlinq time as the particle size increases (with 
a leveling off towards the larger particles). The graded bedding usually shows up very well 
in the tube. 



MODIFICATIONS : 

1. Simplified version: 

a) Supply the students with a large covered glass jar (i.e., mayonnaise jars), some 
sediments having mixed particle size and color. 
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b) Have students fill the jar 1/2 full with water; add about 150 ml. of sediments. 

Cover the jar and shake thoroughly. At the end of the shaking* allow the jar to 

stand quietly for about 5 minutes, 

c) Have the students draw a diagram of what they observe. 

d) Take a piece of rigid tubing (e.g. f cork borer) and push straight through the layers 

of sediments. Using a solid rod that Just fits inside the tube, carefully push the 
sediments out onto a piece of paper. 

e) With a toothpick, smear small amounts of each kind of sediment on small glass squares. 
Place each glass square over millimeter graph paper and determine the particle size 
of each layer of sediments. 



REFERENCES : 

Investigating the Earth , pp. 292-293, Teacher's Guide, pp. 357-358. 
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X-A-la: DEPOSITION OF SEDIMENTS 



QUESTION : 

What factors affect the deposition of particles in a medium? 



INTRODUCTION : 

The weathered material of the earth 1 s surface may be eroded away and 
eventually deposited in the relatively quiet waters of ponds, lakes, 
or oceans. Unfortunately many of the processes of deposition go un- 
noticed by us because we are above and not under the surface of the 
waters. In this investigation you will be able to see, with the aid 
of a plastic tube v deposition taking place; study some factors which 
affect it; and observe the products of deposition. 



OBJECTIVES : 

When you have finished this investigation,you should be able to: 

1. describe the factors that influence the deposition of sediment in 
a quiet body of water. 

2. describe conditions under which you would expect graded bedding to 
be formed. 



METHOD : 

1. Set up the equipment as follows: attach a plastic column, in a 

vertical position, to a ring stand or some other supporting device. 
Make sure the bottom cap is tightly in place and the hose clamo is 
closed. Fill the tubes about 3/4 full of water. 

2. Drop small amount' of each of the different sized sediment into the 
column and record the time each takes to reach the bottom. Repeat 
this three times for each size. Use the average time for the set- 
tling rate. 

3. Make some type of comparative scale of the different particle sizes. 

4. Construct a graph of the settling time versus grain size for each 
and draw inferences from the graph. 

5. Empty the column, replace the stopper TIGHTLY, and fill the column 
HALF full with water. Drop a handful of the mixed sediment into 
the water and record your observations. After waiting several 
minutes, repeat this procedure once again, 

6. After allowing a few minutes for settling, make some observations 
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concerning the nature of the sediment on the bottom of the column. 

7. Develop a technique which will allow you to test the effect that 
density of particles has on the settling rate. 

8. Investigate the effect of particle size on settling rates. 

9. Make and record observations of the apparatus your teacher has set 
up to illustrate colloidal suspension. 



QUESTIONS : 

( A- 1.11) 1 . 

(A-1.12) 2. 

( A- 1.13) 3. 

( A - 1 .21) 4. 
( A- 1.31) 5. 



How does size affect the time in which particles settle 
when other factors are equal? 

What was the pattern of motion of the finest particles in 
the sample as they settled? What rate of settling did 
you measure? 

What is your description of the appearance of material 
which has accumulated on the bottom following the addi- 
tion of the mixed sample to the quiet water. 

What effect does the shape of a particle have on its 
settling rate when all other factors are equal. 

What effect does the density of a particle have on its 
settling rate when all other factors are equal. 
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X-A-lb: STREAM TABLE 



QUESTION : 

What factors affect the deposition of particles In a medium? 



MATERIALS : 

Stream table or tray, approximately 122 x 36 x 9 cm. with drain at one end, siphon tube with 
clamp, support to raise one end of tray, one bucket of soil, large overflow bucket, water. 



SUGGESTED APPROACH : 

1. Recommended student grouping (5-6). 

2. It is best to set up the apparatus prior to class time. 

3. A brief review of the concept of models might help to put the use of a stream table in 
perspective with the natural environment. 

4. If there are sufficient numbers of stream tables available, a demonstration table may be set 
up and allowed to run for several days, thus more closely approximating the actual stream. 

5. Relate observations to topics covered in Topic IX, as well as Topic X. 

6. Relate to actual deltas on maps and cierial photographs. 



PRECAUTIONS : 

1. In a laboratory investigation such as this, the students should be allowed to pursue any 
reasonable approach to the study of stream deposition. 

2. Due to increase in weight as the soil absorbs moisture, the middle of the stream table 
might buckle. .. .support is needed. 

3 . The soil should be a fine washed sand or gravel. Organic matter will cause floating 
debris and will cloud the water to such an extent that the formation of the delta 
will be obscured. If difficulties arise such as the sand being washed away or the 
channel changing too rapidly, some fine clay may be added to the sand to stabilize it. 



TYPICAL RESULTS : 

The students should observe the following phenomenon) during this Investigation: 

1. slope of the delta 

2. stream meanders, deposition, and erosion 

3. horizontal distribution of the sediments 

4. deposition occurring in relatively quiet water 

MODIFICATIONS : 

1. If at all possible, go to an actual stream so that the students will be able to relate 
their model to the actual environment. 

2. Sedimentation chambers may be constructed or purchased and may be used to illustrate 
the cross section of a delta. 
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X-A-lb: STREAM TABLE 



QUESTION : 

What factors affect the deposition of particles In a medium? 



INTRODUCTION : 

Streams and rivers play an Important role In the processes of erosion 
and deposition. In previous Investigations, the factors which affect a 
stream's ability to erode have been studied. In this Investigation 
you will see some of these factors in operation as well as observe how 
they affect the deposition of the eroded material in a model "lake." 



OBJECTIVE S: 

When you have finished this investigation, you should be able to: 

1. describe the characteristics of a meandering stream, identifying 
areas of erosion and deposition. 

2. describe the characteristics of a delta formation, including shape, 
structure, and kind of material of which it is composed. 



METHOD : 

1. Set up a stream table as illustrated in the diagram below: 
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QUESTION : 

What factors affect the deposition of particles in a medium? 



INTRODUCTION : 

Streams and rivers play an important role In the processes of erosion 
and deposition. In previous investigations, the factors which affect a 
stream's ability to erode have been studied. In this Investigation 
you will see some of these factors In operation as well as observe how 
they affect the deposition of the eroded material in a model "lake." 



OBJECTIVES : 

When you have finished this investigation, you should be able to: 

1. describe the characteristics of a meandering stream, identifying 
areas of erosion and deposition. 

2. describe the characteristics of a delta formation, including shape 
structure,and kind of material of which it is composed. 



METHOD : 

1. Set up a stream table as illustrated in the diagram below: 
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2. Observe and record changes that occur on the land surface, lake, 
stream itself, and depositional features. 

3. Modify the slope of the stream, making it steep near the head and 
less steep near the mouth. Observe particle erosion and deposition 
patterns that develop along the stream. 

4. Float a small folded piece of paper downstream, or place a few 
drops of food coloring in the water at the upstream end. Observe 
its velocity in comparison to grains of sand moving in the stream 
bed. Which best represents the velocity of the water? Observe 
the path of the paper or the coloring. Where does it go in re- 
lation to the channel walls, and the lake? 

5. Select at random four small equal areas of the stream table. De- 
termine what process (erosion or deposition) is dominant in each 
area. 



QUESTIONS : 

(A-1.41) 1. As the velocity of the water decreased which particles 
were deposited first? 

(A-1.42) 2. As the slope ov your stream decreased, what happened to 

the velocity of the water flowing in the stream? Describe 
the horizontal sediment depositional pattern that resulted. 



(A-1.43) 3. How does the velocity of particles being transported 
downstream compare to the velocity of the water trans- 
porting them? 

(8-1.11) 4. What changes occurred in the total system as a result of 
the erosional and depositional processes? 



(B-1.21) 5. What is your analysis of the process acting in the four 
selected areas? 



(3-1.31) 6. From a plane view of the stream table, where can a 
boundary be drawn separating areas of erosion from 
areas where deposition is taking place? 

(B-1.41) 7. In what areas on your stream table is it difficult for 
you to decide which is occurring, erosion or deposition? 
What is the possibility that both processes are occurring 
simultaneously? 
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X-A-lc: DENSITY CURRENTS 



QUESTION : 

What factors affect the deposition of particles in a medium? 



MATERIALS : 

Two plastic or pyrex glass columns joined together, graduated cylinder (50 ml.), two small 
test tubes, two beakers, (100-250 ml.), grease pencil, timer or watch with second hand, fine 
sand (1 cubic centimeter), two ringstands, two swivel tube clamps, astrolabe, fine sand and 
clay (potter's clay from art department works well) mixture (100 grams), graph paper. 



SUGGESTED APPROACH : 

1. Advanced preparations: 

a. Prepare the two slurries to be used in the Investigation: 

*#1 - one part fine sand and clay to two parts water 

*#2 - one part fine sand and clay to four parts water 
Label each slurry with the appropriate proportions. 

b. To save time, the apparatus may be set up prior to the students coming to class. 

2. Have the students follow the directions on the student sheets and complete the 
investigation. 



PRECAUTIONS: 



1. Be sure the glass tubes used are not the breakable type. 

2. The slope of the column should be between 10 and 15 degrees; lower slopes may be 
necessary If a shorter column is used. 

3. Make sure all stoppers and clamps are tightly secured. 

4. All slurries must be well agitated when density measurements are made and while being 
poured into the column. 

5. Students should organize themselves so that each knows his responsibility before 
starting the investigation. 

6. This model of a density current serves only to demonstrate what a density current is, 
but does not really Illustrate how a real density current operates. A real density 
current can be triggered by a very small event such as a sea animal burrowing Into 
the sand on a steep underwater slope. As loose sand begins to mix with the water, a 
density current forms and begins, slowly at first, to nova down slope. As It con- 
tinues, more sediments are stirred up and the current Increetes In density, and there- 
fore in velocity until a major density current able to transport coarse sediments far 
out to ocean basins is formed, When It reaches a broad, flat area on the ocean bottom, 
the decrease in si one begins to slow down the velocity of the current end eventually 
the sediments settle out In the quiet water. 
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TYPICAL RESULTS : 

In the past, this Investigation has proved very effective In Illustrating the concept of 
density currents and the Important role they play In distributing large sediments on certain 
portions of thw ocean floor. 



MODIFICATIONS : 

1. Position a plastic tube as described on the student sheet. Fill the tube 1/3 full 
with a dense solution of salt water. Add fresh water, being careful to maintain 
the interface between the two. Add a clay slurry and observe what happens when it 
reaches the salt-fresh water Interface. This can be used as a demonstration after 
the above investigation is completed. 



REFERENCES : 

Sand , Scientific American (reprint) by P.H.H. Kuenen. 




ERIC 



X-A-lc: DENSITY CURRENTS 



QUESTION : 

What factors affect the deposition of particles In a medium? 



INTRODUCTION : 

Geologists have found coarse sediments on the ocean floor far from 
shore but near the mouths of submarine canyons. They have attributed these 
sediments to "density currents" coming from the continental shelf. In 
this investigation you will have an opportunity to create a model of a 
density current and seek an answer to the question, "Coul density currents 
actually carry these coarse sediments that far out to sea?” 



OBJECTIVES : 

When you finish this investigation, you should be able to: 

1. explain the probable mode of transport and deposition for 
the coarse grained sediments found in the deep ocean basins. 



METHOD : 

1. Position the plastic tube at an angle of 10 - 15 degrees with 
the table top. Make sure it is adequately supported and 
that the bottom cap is on tight. Fill the tube with water 
(this can be done using a bucket of water and siphon). Make 
sure you leave enough room in the tube to allow three test 
lubes of water to be added without spilling over. 

2. Prepare slurry #1, unless your teacher has already done so. 
Either measure or estimate its density and record it. Stir 
the slurry until it is well mixed and then fill a test tube 

1/2 full with it. Shake the test tube well and quickly pour its 
contents into the plastic tube of water. Mark the distance 
the slurry travels in 5 second intervals (use a grease 
pencil and mark directly on the plastic- tube). Measure these 
distances and record them. Examine and record your observa- 
tions of the materials that settle along the bottom. 

3. Empty the contents of the tube; rinse with clear water; 
replace the bottom cap tightly, and repeat the procedure 
with slurry #2. 

4. Prepare a graph showing the relationship between relative 
density of the slurry and average velocity of the density 
current. 
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QUESTIONS : 



1 . 



2 . 



3. 



4 . 

(A-1.43) 5. 



6 . 



(A-1.41) 7. 



8 . 



9. 



(B-l. 51)10. 
(B-l .52)11 . 



What is the order by density of the two slurries and 
tap water? 

How do you account for the differences in d , si ties? 

What variations did you notice in the rate of movement 
of slurry #1? 

What variations did you notice for slurry #2? 

From your graph, what is the relationship between the 
densities of the two slurries and their average 
velocities? 

If you had an infinitely long tube, which slurry 
would travel the farthest in a given time? Why? 

Your investigation differed from a real density current 
in one very important way. A real density current 
moves over an ocean bottom containing loose sediment, as 
a result, it stirs up these sediments and the current 
increases in density as it moves. Did your density 
current Increase as it moved down the tube? If the 
density of a real density current increases as it con- 
tinues along its path, what would happen to its velocity? 
What would happen to the amount of sediment being 
carried? What would finally act to slow this down and 
eventually let the sediments settle to the bottom again? 
Which particles would settle out first? 

If you were to vary the angle of the tube from 15 to 12 
to 9 to 6 degrees and use slurry #1, what would a graph 
of angle of slope versus average velocity look like? 

(Draw a rough sketch.) 

From your graphs and observations, do you think that 
density currents are the cause of the coarse sediments 
on the ocean floor? Explain. 

What are the energy characteristics of a density current 
in motion? Where did the energy originate? 

When the energy of the system is depleted, what will 
happen to the sediment? 



23 



TOPIC XI - FORMATION OF ROCKS 



O 

ERIC 



UJ 

3= 



5 

O 



CL. 

o 



A** R*oJu 4 U**t*d? 



Tint Emphasis: 12 days 





INVESTIGATION 


m 

1 


<3 

A 


£ 

A 


m 

i 

u 


Csl 

1 

U 


$ 

• 
























Fstliwted Time (Period*) 


i 


1 

3 


2 


i 


1 


St 

























A. Rocks and sediments 
A-l Comparative properties 

A-l.l Similarities A-l. II 

A-l .2 Differences A-l. 21 

B. Minerals 

B-l Relation to rocks 
B-l.l Composition 



What Similarity Do Rooks Hava to Sedimrtta? 



E 











□ 


□ 






















L 








L_l_ 























What Is the Composition of Rook? 



B-l. 11 
B-l. 12 
B-l .13 

B-2.11 

B-2.21 

B-2.22 

8-2*31 

6-2.32 



«/>« 
i/) : 



_ -to 

OfUi 



•u-3 

oo 



B-2 Characteristics 
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properties 
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Mathematical Skill 
Measurement Skill 
Creating Models 
Analysis of Error 
Data Analysis 
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XI-A-la: ROCK PROPERTIES 



QUESTION : 

What similarities do rocks have to sediments? 



MATERIALS : 

Each group of two students should have a piece of coarse-grained granite with clearly dis- 
tinguishable minerals (preferably pink feldspar, quartz, and black mica); a crushed sample 
of the same granite; about 15 rock samples including both sedimentary and nonsedimentary 
types (e.g., sandstone, limestone, shale, conglomerate, basal t,gran1te, gabbro, obsidian, 
banded gneiss, schist, slate, marble, and quartzite); a sample of sand or gravel; magnify- 
ing glasses; and a teasing needle. (It may be convenient to prepare permanent kits of the 
above items and place each in a shoebox.) 



SUGGESTED APPROACH : 

Part I Have the students observe their rock samples and describe them. This can be ac- 
complished by having an individual describe a rock, then ask the other students to 
hold up the rock sample they think is being described. Repeat this several times 
and place a master list of the various terms used to describe the rocks on the' 
chalkboard. Ask students to indicate which of the terms on the master list best 
describe rocks; underline or circle these. Most of these will be textural terms 
that describe the way individual parts of the rocks are put together. 

Conduct a concluding discussion exphasizinn the following: 

a) Some rocks have characteristics that are very similar to loose sediments (these 
arc celled sedimentary rocks). Other rocks have different, but distinctive, 
characteristics (these are called non sedimentary rocks). 

b) All rocks are composed of minerals, most having more than one mineral present. 

Have the students e. jmine the loose gravel (using their hand lenses) and compare the 
material with the material composing their rock samples. Have them identify any 
similarities and differences. 

Part II Ask students to observe the granite specimen carefully. Is it composed of one, or 
more than one, kind of mineral? 

Have the students examine their sample of crushed granite and divide the pieces into 
piles of similar materials. Have them make a list of terms that describe how the 
various rock pieces (minerals) look. 



PRECAUTIONS : 

1. Students are not expected to learn rock and mineral names, they should, however, learn to 
recognize sedimentary rocks as opposed to nonsedimentary rocks. 

2. It is best to use local rocks and minerals whenever possible, so that the student will be 
familiar with his local rock types. 
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BACKGROUND INFORMATION : 

ROCK AND MINERAL EXCHANGE SERVICE 

Teachers Interested In swapping rocks, minerals, fossils, and earth science curriculum 
materials are hereby notified that a clearinghouse for the exchange of earth science 
materials has been established In McFarland, Wisconsin. 

To take advantage of this free, voluntary service, send a list (size and quantity) of the 
rocks, minerals, fossils, and earth science curriculum materials YOU NEED, along with a list 
(size and quantity) of the rocks, minerals, fossils, and earth science curriculum materials 
YOU CAN SWAP, to: J. E. Wall, RMES, c/o Science Department, McFarland High School, McFarland, 
Wisconsin 53558. 

You will ,be supplied with the names and addresses of those science teachers who can supply 
your needs on a SWAP basis. To receive additional RMES "Swap Sheets," send a stamped, self- 
addressed envelope (business size) to the RMES. 

Due to the free, voluntary nature of the RMES, only those inquiries accompanied by stamped, 
self-addressed envelopes will be processed. 

Sample RMES "Swap Sheet" 

ROCK AND MINERAL EXCHANGE SERVICE 

Your name Your home address 

School name City & Zip Code 

Street 

City & zip code RMES Code Number 



I OFFER FOR TRADE (size & quantity): 


I NEED (size and quantity): 


- 





L -F -.'ICE S: 

Investigating the Earth , pp. 39-42, 48-50, 332; Teacher's Guide pp. 70-74, 76-77, 87-88, 

89 - 90 , 409 - 411 . 
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XI-A-la: ROCK PROPERTIES 



QUESTION : 

What similarities do rocks have to sediments? 



INTRODUCTION : 

If you were to examine the pebbles or boulders found near a river bank, 
in a road cut, or at a construction site, you would probably notice the 
wide variety of types present. If you were to travel to different 
places around the State or the country you would notice many similar- 
ities and differences among the rocks you observed, Since there are 
potentially an unlimited number of differences among rock samples, 
scientists find it convenient to group them on the basis of certain 
characteristics. 



OBJECTIVES : 

When you have finished this investigation, you should be able to: 

1. describe the characteristics of sedimentary and nonsedimentary 
rocks. 

2. describe the characteristics of rock components (minerals). 



METHOD: 

Part I Study your rock samples closely and describe their properties. 
Check your descriptions by verbally describing one of your 
rocks and asking your fellow students to hold up their sample 
of the same rock. If they cannot, then you need to work more 
on your description. You or your classmates may want to place 
a master list of terms used to describe rock samples on the 
chalkboard. 

Next, examine the loose gravel with a hand lens and compare 
it to the rock samples. Place in a pile all those rocks 
which are composed of one or more of the same types of mate- 
rials observed in the gravel. Place all the other rocks in 
another pile. Make a list of all the identifying character- 
istics of the rocks in each pile. 

Part II In part one, you probably recognized thac most rocks are com- 
posed of small grains. Examine the rock specimen called 
granite, and then look at the crushed sample of granite. 
Separate the crushed materials into piles of materials having 
similar properties (minerals). Describe the characteristics 
of each pile. Decide which was easier to describe, the piles 
of minerals or the rocks in part I. 
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QUESTIONS: 



(a-i.ii) i. 


Describe the properties that you observed in the rocks 
that contained particles similar to those in the gravel 
sample. What are these kinds of rocks called? 


(A-1.21) 2. 


Describe the properties of the rocks that did not appear 
similar to the gravel particles. What are these rocks 
called? 


(B-l.ll) 
B-1.12) 3. 
(B-1.13) 


Describe the minerals that you were able to observe in 
more than one rock. List the number of different min- 
erals you were able to observe in each of your rock 
samples. 


(B-1.11) 
(B-1.12) 4. 
(B-1.13) 
(B-2.11) 


Which was easier to describe, the piles of minerals or 
the rocks in part ,1? Explain why. 
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XI-B-2a: PROPERTIES OF MINERALS 



QUESTION : 

What are some characteristics of minerals? 



MATERIALS : 

Samples of some Important rock -forming minerals (e.g., quartz, feldspar, hornblende, 
mica, magnetite, cal cite, hematite, etc.) and any minerals of local significance, 
balance, graduated cylinder, streak plate, nail, glass plate, penny* dilute HC1, and 
supplementary sheets 1-3. 

SUGGESTED APPROACH 

1. Discuss with the students the various tests you wish them to perform. Some, such 
as color and density, should need little discussion while others, such as hardness, 
streak, and acid test, will need more. 

2. Provide students with a mineral Identification chart (See Supplementary Sheets) and 
several mineral samples. 

3. Have students attempt to identify the samples. Stress that in some cases they nay 
only be able to limit their Identification to several possibilities. (This will be 
governed by the n i«ber of different tests and the number of minerals on the Identi- 
fication chart.) 



PRECAUTIONS : 

1. It Is the process of identification of minerals NOT the actual identification that 
Is of Importance In this Investigation. Students often font the impression that 
all samples of a given mineral have a similar appearance to the smn>le they have 
worked with. Point out that this Is not always the case. 

2. If your students use pieces of window glass to determine hardness, make certain that 
they place the glass flat on the table and scratch it with the mineral specimen. Never 
have chem attempt to scratch the mineral specimen with the glass, since small particles 
of glass may break and cause injury. 



REFERENCES : 

Investigating the Earth, p. 575 



29 



XI-B-2a: PROPERTIES OF MINERALS 



QUESTION : 

What are some characteristics of minerals? 



INTRODUCTIO N: 

Scientists have distinguished several thousand mineral species. 
Many are quite rare. A few together constitute 99 percent of 
all the minerals found in the earth's crust. Each mineral has 
a distinct composition and structure, however, for practical 
purposes most can be identified by observing a few of their 
basic properties. In this investigation, you will study some 
basic properties of minerals and use these properties to 
identify the particular mineral. 



OBJECTIVES : 

Wher. you finish this investigation, you should be able to: 

1. make observations and perform tests to determine some 
mineral properties such as color, density, hardness, 
streak, etc. 

2. Identify some common minerals by observing their 
properties and using a mineral reference table. 

3. identify some of the most abundant elements found in 
minerals. 



METHOD : 

1. Obtain a set of minerals for Identification, and run the 
tests Indicated by your instructor. Use a table to record 
the results of your tests (Supplementary Sheet #3). 

2. Using a mineral identification table, identity the minerals 
based upon the results of your tests. 



QUESTIONS : 

(B-2.11) 1. Did any two of the minerals you tested yield the 
same results for all tests? If not, do you think 
that, given additional samples of different minerals, 
this could happen? Explain. 
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2. Of the general properties you tested which do 
you think are most reliable? Least reliable? 
Explain. 

3. Do you think that different samples of the same 
mineral could yield different results for any 
of the tests you constructed? If so, which 
tests? 

(B-2.21) 4. Refer to your identification chart and make a 

list of all the different elements found in the 
minerals studied. Indicate how many different 
minerals each element appeared in. Which 
elements appear to be quite abundant? 





SUPPLEMENTARY SHEET #1 



XI-B- 2 a 



(MINERAL IDENTIFICATION CHART) 



Luster — The way a mineral's surface appears in reflected light. 

Streak — The color of a fine powder of the mineral - usually rubbed on a streak plate. 

Hardness: Soft - can be scratched by your fingernail; medium - cannot be scratched by fingernail but 

can be scratched by a piece of window glass; hard - cannot be scratched by a piece of window 
glass. 



MINERAL NAMF AND 
COMPOSITION 


COLOR 


WAY IT 
BREAKS 


LUSTER 


STREAK 


HARDNESS 


OTHER 

CHARACTERISTICS 


Quartz 

SiO ? 


white, gray, 
pi nk 


shel 1 -1 ike 


glassy 


white 


hard 


translucent 


Feldspar 
KA1 Si 3O , 


white, pink, 
green 


uneven 


glassy, 

pearly 


white 


hard 


translucent on edges 


Calcite 

CaC 0 3 


all colors 


Splits into 
forms like 
bent over 
cubes 


glassy, 

dull 


white 


medium 


transparent to 
opaque - bubbles in 
HC 1 


Mica 

K(Mg,Fe),( 0 H 1 F) 2 - 

A1 Si 3 O j g 


black to 
brown or 
co lorl ess 


splits into 
thin sheets 


glassy, 

pearly 


white 


medium 


Elastic, transparent 
thin sheets, 
flexible 


Hornbl ende 

Ca(Mg,Fe) 5 (OH) 2 - 

(Al,Si), 0 J? 


black to 
• green 


uneven 

splinters 


glassy 


dark green 


hard 


long 6-sided 
crystals 


Garnet 

Fe ,A 1 (Si O4 ) 3 


red to 
bl ack 


uneven 


waxy to 
glassy 


white 


hard 


brittle, rounded, 
translucent 


[01 ivine 
(Mg ,Fe) Si 4 u 


yel low-black 


uneven 


pearly- 

glassy 


pale green 


hard 


granular masses, 
sugary, glassy 
grains 


Talc 

Mg ,( 0 H) Si ( .) 10 


wh i te , 
light green 


splits 
smooth in 
one plane 


pearly- 
gl assy 


white to 
green 


soft 


greasy feel , foliate 
foliated, massive 


Maqneti te 
Fe . 0 .. 


black 


uneven 


metal 1 ic 


black 


hard 


magnetic, brittle , 
heavy 


Hemati te 
Fe.'.O ( 


red to bl ack 


uneven 


metallic to 
dull 


red-brown 


hard 


brittle, opaque, 
never in crystals 


Limoni te 
H Fe O3 


yel low, 
brown 


shell -li ke 


dull 


yellow-brown 


soft to hard 


earthy, dull, 
brittle 


Malachite 

Cu 2 (0H) 2 C0 3 


green 


fi brous 


dull 


light green 


medium to 
hard 


bubbles in acid 
(HC 1 ) 


Azurite 

Cu 3 (OH) 2 (CO 3)2 


blue 


fibrous 


glassy 


1 ight bl ue 


medium 


bubbles in acid, ore 
of copper 


Cassi terite 
SnO ? 


red-brown 


uneven 


dull 

— 


white-brown 


hard 


heavy rounded masses, 
ore of tin 



c 
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XI -8— 2a 



(MINERAL IDENTIFICATION CHART) 



luster -- The way a mineral's surface appears in reflected light. 

Streak -- The color of a fine powder of the mineral - usually rubbed on a streak plate. 

Hardness: Soft - can be scratched by your finger 11; medium - cannot be scratched by fingernail but 

can be scratched by a piece of window glass; hard - cannot be scratched by a piece of window 

glass . 



MINERAL NAME AND 
COMPOSITION 


COLOR 


WAY IT 
BREAKS 


LUSTER 


STREAK 


HARDNESS 


OTHER 

CHARACTERISTICS 


Sphalerite 

ZnS 


brown to 
bl ack 


spl its into 
shiny sur- 
faces 


waxy 


1 ight 


medium to 
hard 


brittle, ore of zinc 


Gal ena 
PbS 


gray to 
bl ack 


spl its into 
cubic forms 


metallic 


gray to 
black 


medium 


cubic crystals, ore 
of lead, heavy 


Bauxite 

A1(0H)_, 


red to 
brown 


uneven 


dull 


red to 
brown 


soft to 
medium 


lumpy appearance, 
massive, odor of wet 
clay when wet, ore 
of aluminum 


Sul fur 
S 


yel 1 ow 


shell-like 


greasy 


white 


medium 


crackles in heat of 
i hand, brittle 


Gypsum 
CaS0„-2H 0 


colorless to 
white or 
gray 


bri ttle 


pearly to 
dul 1 


white 


soft 


used for wallboard 
and plaster 


Graphi te 
C 


dark gray 
to black 


splits in 
one plane 


dull opaque 


black 


soft 


used in lead penci Is 


Pyri te 
FeS- 


brass- 
yel low 


uneven 


metal 1 ic 
opaque 


greenish- 
bl ack 


hard 


called fool ' s gold 


Asbestos 
Mg. (OH) S1.0 : , 


white to 
greeni sh- 
whi te 


fi brous 


si 1 ky 


wh 5 te 


soft 


used to make heat- 
insul ati no cloth 


Corundum 
A! 0. 


yellow- 

brown 


uneven 


dul 1 


white 


very hard 


next in hardness to 
diamond 


Kaol in 

AU(0H),Si:.0 lc 


white 


earthy 


dull 


wh 1 te 


very soft 


used as a clay to 
make pottery 


FI uori te 
CaF 2 


colorless 
to purple 


bri ttle 


transparent 
to trans- 
lucent 


white 


medium 


seme forms fluoresce 
under ultraviolet 
lamp 


Hal i te 
NaCl 


colorless 


blocky 


glassy 


white 


soft 

4 . — . — . 


tastes salty. j 
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STUDENT WORKSHEET 
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Challenging (2) 



XI-B-2b: STRUCTURE OF MINERALS 



QUESTION : 

What are some characteristics of minerals? 



MATERIALS : 

Fifteen Hi- inch styrofoam spheres and four 5 s -inch styrofoam or plastic spheres per group, 
pipe cleaners, silicate mineral samples (quartz, feldspar, olivine, mica, hornblende, 
asbestos, etc.), a halite specimen of approximately 2 cubic centimeters, steel knife or 
scalpel, clay, and a hammer. 



SUGGESTED APPROACH: 



Part I 1. Discuss with students the relative abundance of silicon and oxygen in the earth's 
crust. 



2. Have students attempt to build a silicon-oxygen tetrahedron and, having done so, 
have then; attempt a double tetrahedra and then a chain of tetrahedra. 

3. Construct for the students, or illustrate with a diagram, a double chain and a 
sheet of tetrahedra. 

4. Ask the students what forms they think the minerals would have If the minerals 
had the various structures that have been considered. 



5. Give students samples of silicate minerals that show good crystal form, and ask 
them to suggest tetrahedral structures for each. 

Part II 1. Have the students split a halite specimen, or do it yourself as demonstration. 
Relate this to the Idea of diamond "cutting." 

2. Have the students construct a model, using the styrofoam balls, that would explain 
why halite can be split. 



PRECAUTIONS : 

1. Construction of double chain and sheet silicate models is difficult, and it is suggested 
that the instructor practice making them before attempting them with a class. 

2. Safety precautions should be discussed and . followed to prevent the students from cutting 
themselves when splitting halite. 



TYPICAL RESULTS : 

Students will usually construct several incorrect models of the tetrahedron before obtaining 
the correct one. 



MODIFICATIONS : 

Give the students prepared models of mineral structures, and have them suggest a form for that 
mineral's appearance. 

REFERENCES : 

Investigating the Earth , p. 50, Teacher’s Guide, p. 74, pp. 77-82. 
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XI -B— 2b : STRUCTURE OF MINERALS 



QUESTION : 

What are some characteristics of minerals? 



INTRODUCTION : 

Some mineral samples appear to have regular or crystal forms. Scien- 
tists have found through X-ray studies that these samples have a 
regular atomic arrangement. In factual! minerals have, at least to 
some extent, a regular arrangement. In this investigation, you will 
be studying models that scientists have constructed for some of the 
silicate (silicon-oxygen) minerals. You will also investigate a non- 
silicate mineral (halite). 



OBJECTIVES : 

When you have finished this investigation, you should be able to: 

1. construct a physical model of a silicon-oxygen tetrahedron and 
justify that model as opposed to other possible arrangements. 

2. construct and explain a physical model that shows how silicon- 
oxygen tetrahedra join by sharing oxygen atoms. 

3. given a silicate mineral in crystal form, suggest a possible ar- 
rangement of the tetrahedra. 

4. construct a model of the molecular arrangement of a mineral hav- 
ing examined its splitting pattern and crystal shape. 



METHOD : 

Part I 1. Take four of the large spheres (oxygen atoms) and one of 
the small spheres (silicon atom) and put the five into as 
compact an arrangement as possible. Check your model with 
your instructor before proceeding. 



2. Build a second model in the same way as the first. Now 
join the two tetrahedra in such a way as to share one 
oxygen. 

3. Try to build a chain of tetrahedra. 

4. Examine the silicate mineral samples that your instructor 
will provide and see if you can suggest an appropriate 
atomic structure for each. 
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P* ~t II 1. Take a large crystal of halite, fasten it to a lump of 

clay, and split it with a knife in a particular direction. 
(The best technique for this is to place the blade on the 
crystal and tap it gently with a hammer.) Describe what 
you observe. 

2. Try cutting the crystal (as above) in various other direc- 
tions, and describe what you observe. 

3. Stack the styrofoam balls to resemble your idea of the 
atomic structure of a halite crystal , based upon what you 
observed in steps 1 and 2. 



QUESTIONS : 

Part I (B-2.31 ) 1. What is the ratio of silicon atoms to oxygen 

atoms in a simple tetrahedron? In a double 
tetrahedron? In a single chain of tetrahedra? 

2. If a mineral has a structure of chains of 

tetrahedra, what do you think holds the chains 
together? 

(B-2.32) 3. Why do you think the mineral mica breaks the way 
it does? 



Part II 1. Draw a sketch of the model you constructed to 

represent the structure of halite. 

(B-2.32) 2. Why does halite split with a plane surface only 
in certain directions? 

(B-2.32) 3. How do you think the atoms would be arranged in 
a mineral that did not split with any plane 
surface. 
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Easy ( 1 ) 



XI-C-1 a : FORMATION OF SEDIMENTARY ROCKS 



QUESTION ; 

How are sedimentary rocks formed? 



MATERIALS : 

Sediment (sand, pebbles, dirt, etc.), sugar, salt, Portland cement, epoxy, glue, plaster of 
paris, dilute HC1 , samples of sedimentary rock (sandstone, shale, limestone, conglomerate), 
paper or plastic cups, glass bottles or beakers, and one or more of the following (alum, 
potassium nitrate, sodium nitrate, potassium permanganate, copper sulfate). 



SUGGESTED APPROACH : 

1. Since students will have already considered how sediments are formed, askthem how they 
think these sediments might be converted,in nature, into rocks. Ask themif they can think 
of any ways in which sedimentary rocks can be formed other than from sediments. 

2. Have the students devise and perform procedures for making "sedimentary rocks" in the 
laboratory. It may be wise to have them clear procedures with you before proceeding. 

3. Have the students grow some "sedimentary rock" crystals from a saturated water solution, 
using one or more of the salts listed under materials above. This can be done by dissolv- 
ing as much of the salt as possible in a beaker or jar filled with warm water. Place 

the jar in a position where it can be left undisturbed for a few days. The crystals wi tl 
"grow" on the bottom of the jar. 

4. In a class discussion, examine the results of the students' efforts. 

5. Give students the sedimentary rocks for examination. Discuss their interpretations. Stress 
the processes of cementation, compaction, and solution. 

6. This investigation can be concluded by showing the EB film "Rocks That Form on the Earth's 
Surface. " 



PRECAUTIONS : 

1, Care must be taken in relating the processes the students use in the laboratory to make 
sedimentary rocks to the processes active in nature. In some cases, the model may not be 
a very good approximation to what happens in nature. 

2. Some of the chemicals mentioned should be used with caution. 



TYPICAL RESULTS ; 

Since much attention previously has been given to sediments, students will most likely devise 
procedures that employ cementation and compaction. Less likely to be devised is the process 
of crystal growing, therefore, thi s may have to be suggested by the teacher. 



MODIFICATIONS ; 

1. Give students several samples of artificially prepared "sedimentary rocks" and ask them to 
tell how they were made. They should still be given, however, some real sedimentary rocks 
to examine. 




Xl-C-la 



2. A fishline or piece of nyl t can be suspended in the saturated solution (crystal -growing 
exercise) to act as a support on which crystals will develop. 



REFERENCES : 

A Sourcebook for the Physical Sciences , pp. 64-65. 

Crystals and Crystal Growing , Alan Hoi den t Science Study Series 







Xl-C-la: FORMATION OF SEDIMENTARY ROCKS 



QUESTION : 

How are sedimentary rocks formed? 



INTRODUCTION: 



You have already considered how sediments may he formed in nature. The 
appearances of many rocks found in nature suggest that they may have 
been formed from sediments. Such rocks are called sedimentary rocks. 
While many sedimentary rocks are formed from sediments, there are some 
processes for forming sedimentary rocks that do not require sediments. 



OBJECTIVES: 



When you have finished this investigation, you should be able to: 

1. describe the ways in which sedimentary rocks may form. 

2. describe how a given sedimentary rock sample may have 
formed. 

METHOD : 

1. Devise some procedures for making "sedimentary rocks." Check your 
procedures with your instructor, and then try them. 

2. When you have completed step 1, your instructor will give you some 
sedimentary rocks to examine. Describe how you think these rocks 
might have formed in nature. 



QUESTIONS : 

(C-l.ll) 1. Describe the basic processes by which sediments are changed 
into sedimentary rocks. 

(C-1.21) 2. Some sedimentary rocks do not originate from loose sedi- 
ment; describe how these rocks may form. 



3. Relate the procedures you used in step 1 above to similar 
process s in nature. How we’ e they similar? different? 

4. Do you think that different sedimentary rock forming 
processes could produce similar rocks? 



Xl-C-la 



5. Can you tell from examining a sedimentary rock, where it 
was formed (e.g. river channel, river delta, lake bottom, 
ocean floor, etc.)? If so, try to apply this to some of 
the rock samples? 

6. Geologists sometimes use the expression "story in the 
rocks." How do you think this might apply to the rocks 
you have examined? 

(C-1.21) 7. Describe the relationship between crystallization and 
sediment changing into rocks. 

(C-1.31) 8. Is there any evidence of biologic formation in any of the 
sedimentary rocks that your teacher has provided for your 
observation? 



* 
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Easy (V 



X I -C-2a : FORMATION OF NONSEDIMENTARY ROCKS 



QIOTJON^: 

How are nonsedimentary rocks formed? 



^TL_RIALS: 

Salol , heat source (e.g., stage on overhead projector, hot plate, Bunsen burner, etc.) 
microscope slides, petri dishes, stereo-microscopes or hand lenses. 



SUG GESTED APPROACH : 

1. Discuss with the students some possible ways that nonsedimentary rocks may form. 

2. Have the students attempt one or more of the techniques for growing crystals from a 
melt. 

3. Have the students design and carry out an investigation to determine what affect 
cooling rate has on crystal size. 

4. 'i?.ve the students observe some nonsedimentary rocks using the stereo-microscope or 
hand lens, and infer probable cooling rates. 

5. In a concluding discussion, have the students relate what they have done in this 
investigation to the actual earth processes that fonn nonsedimentary rock. 



TYPICAL RESULTS : 

Possible techniques for growing crystals include: 

1. Placing small amount of salol on a microscope slide, melt it, and observe crystal 
formation as cooling occurs. 

2. Melt a small quantity of salol, transfer it to a glass petri dish, and place it on 

the stage of an overhead projector. As cooling occurs, the crystal -growing process 
can be projected on a screen. (Note: The microscope slide cannot be used for this 

technique because the heat from the projector lamp will prevent cooling from occurring.) 

3. Different cooling rates may be observed by: 

A. Placing a petri dish containing an ice cube on the stage of the stereo-microscope. 
Place the slide containing the melted salol on the ice cube and observe the rapid 
cool ing. 

B. Place stereo-microscopes at different temperature locations around tne room (e.g. , 
near radiators, near a cold window, etc.). Allow students to observe cooling 
under first one, and then another, of the microscopes. 
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XI-C-2a: FORMATION OF NONSEDIMENTARY ROCKS 



QUESTION : 

Now are nonsedimentary rocks formed? 



INTRODUCTI ON: 

Many rocks are not composed of particles that resemble loose sedi- 
ment. These rocks often resemble a mass of tiny intergrown 
crystals. When examined closely, a wide range in crystal sizes 
may be observed. What factors influence the development of these 
characteristics in certain rocks? 



OBJECTIVES : 

When you finish this investigation, you should be able to: 

1. identify crystalline rocks as probably being of nonsedimentary 
origin. 

2. describe the relationship between ce- 'M eg \:iz of a me * t and 
the resul ling crystal size. 

3. explain possible earth processes that may result in the for- 
mation of nonsediment ary rocks. 



METHOD : 

(. Place a small amount of salol powder on a microscope slide. 
Hold the slide over a heat source until the salol melts. 
(Caution - if the heat source temperature is too high it may 
break the slide.) 

2. observe the 1 i Quid salol under a hand lens or stereo-micro- 
scope as it undergoes cooling. Describe what you see. 

3. Devise a method for investigating the relationships between 
the size of the crystals and the rate at which the melt cools. 



QUESTIONS : 

(02.11 ) 1. How do some nonsedimentary rocks form? 

(C -2 .12) 2. Describe at least one factor that influences the size 
of the crystals formed. 
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TOPIC OUTLINE 



TOPIC XII - THE DYNAMIC CRUST 
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I A. Evidence for crustal movement 
I A-l Minor crustal changes 

A-l.l Deformed rock strata 
A-l. 2 Displaced fossils 

A-l. 3 Displaced strata 
A-2 Major crustal changes 



What Evidence Suggests Minor Changes in the Earth r s Crust? 
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A-l. 22 
A-l. 31 
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What Evidence Suggests Major Changes in the Earth's Crust 



A-2.1 Zones of crustal activity A-2. 11 
A-2. 2 Geosyncl ines 

A-2. 3 Vertical movements 
A-2. 4 Ocean floor spreading 



A-2. 5 Continental drift 
A-2. 6 Magnetic poles 
B. Earthquakes 
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B-l Wave properties 
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B-2 Location of an epicenter 
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How Can the Epicenter of an Earthquake Be Located? 
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TOPIC XII - THE DYNAMIC ''UST continued 
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Model of the earth's crust and 
interior 

C-l Properties 



What Are Some Properties of the Earth’s Crust And Interior ? 
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Theories of crustal change 
D- 1 Inferred processes 
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Easy ( 1 ) 



XII-A-la: EVIDENCE OF CRUSTAL MOVEMENT 



QUESTION: 

What evidence suggests minor changes in the earth's crust? 



MATERIALS : 

Color slides and other photographs; specimens of small folds, faults, fossils; geologic maps 
of New York State and the U. S.; topographic maps; simple compass (for measuring strike); 
simple clinometer (for easuring dip). See below: 




SUGGESTED APPROACH : 

1. Students should observe actual evidences of crustal movements in the local area. This is 
possible in many areas of New York State. Then. these first-hand observations may be sup- 
plemented by pictures, specimens, and maps. 

2. Conduct a postlab discussion considering such questions as: 

a) Which of the observed changes were rapid? Which were slow? 

b) Did any of the observations lend themselves to more than one Interpretation? 

How could you determine which of the interpretations were most accurate? 



PRECAUTIONS : 

Try to choose materials, both laboratory and field, that the students can interpret. 



MODIFICATIONS : 

In lieu of a field trip, plaster or clay models of folds, faults, etc., can be used. There 
is no substitute, however, for the real thing. 

B ACKGROUND INFORMATION : 

1. Suggestions for field observations: 

a) Tilted rock layers (e.g., Hudson Valley, Orange County, along the Thruway between 
Utica and Albany, and between Albany and Suffern) 
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b) Joints and faults 

c) Fossils of marine organisms in rock now located high above sea level 

d) Fault blocks (e.g., Lake George Valley, Highlands of the Hudson, The Noses fault in 
the Mohawk Valley, and areas in the Adirondacks) 

e} Interviews with persons who remember earthquakes along the St. Lawrence Valley 
2. Suggestions for laboratory investigations: 

a) Observations of rock or mineral specimens exhibiting sharp folds 

b) Rock or mineral specimens exhibiting joints that have been recemented together 

c) Clay layers that can be folded by applying horizontal pressure 

d) Photographic slides or movies showing field evidence of crustal movement 

REFERENCES: 



Geologic pamphlets by the U.S.G.S. or N.Y.S. Geologic Survey on the areas co be visi'ced. 



XII-A-2a: EARTHQUAKE WATCH ANALYSIS 



QUESTION : 

What evidence suggests major changes in the earth's crust? 



INT RODUCTION : 

Occasionally an earthquake occurs that causes widespread damage and is 
publicized in newspapers, on radio, and television. Earthquakes occur 
far more frequently than this, although most have a magnitude small 
enough so that little or no damage occurs. The frequency of occurence 
of earthquakes, and the areas most susceptible to them should become 
apparent when you have concluded this investigation. 



OBJECTIVES : 

When you have finished this investigation.you should be able to: 

1. identify regions of high earthquake activity^on a world map, 

2. relate the world distribution patterns of earthquakes to patterns 
of volcanic activity and mountain ranges. 

3. draw inferences from the pattern of earthquake focus depths and 
relate them to understandings of the thickness of the earth's crust. 



M ETHOD: 

1. Study your completed Earthquake Watch Maps carefully and outline, 
on your world map (supplementary sheet), areas of high earthquake 
activity. 

2. Outline areas with rugged mountain systems. 

3. In a resource book, find information concerning the active volcanic 
regions in the world, and outline these areas on your map. 

4. On a standard size sheet of paper, sketch a coastal area of the 
world where earthquakes seem to occur frequently. Transfer from 
the Earthquake Watch Map to your sketch map the approximate loca- 
tions of as many earthquakes as you are able. Use the following 
symbols to indicate depth: 

Shallow # 

Intermediate * 

Deep 0 



Easy (2) 



XII-A-2a: EARTHQUAKE WATCH ANALYSIS 



QUESTION : 

What evidence suggests major changes in the earth’s crust? 



MATERIALS : 

Completed earthquake watch data, blank world map (supplementary sheet), and student handout 
sheets. 



SUGGESTED APPROACH : 

1. Have the students study the completed Earthquake Watch Map and discuss any patterns of 
earthquake activity that they are able to observe. 

2. Have them compare the earthquake patterns to the location of mountain ranges and volcanoes. 

3. Have the students prepare a vertical cross section of the ocean-continent boundary. 

On the cross section, have them plot the depths of the earthquake focuses observed, and 
draw inferences from the pattern which develops. 



TYPICAL RESULTS : 

1. If a sufficient number of earthquakes is plotted, a clear pattern of the active earth- 
quake belt should result (about 400-500 earthquakes plotted will accomplish this although 
fewer than 300 are sufficient to illustrate the basic trend). 

2. A typical cross section, with depths plotted, should indicate that the earthquakes under 
continental areas tend to occur at a greater depth than those in oceanic regions. This 
may be interpreted as a zone of weakness along the crust-mantle interface. If actual 
depths are plotted, the cross section may look similar to the one below. 




The epicenter of an earchquake is the point on the earth's surface directly above the focus. 
REFERENCES: 



Investigation the Eavth % pp. 318-319, Teacher's Guide, pp. 388-389. 



XII-A-la: EVIDENCE OF CRUSTAL MOVEMENT 



QUESTION : 

What evidence suggests minor changes in the earth’s crust? 



INTRODUCTION : 

We tend to view our environment as being relatively unchanging. It is 
possible., however, to find evidence of change, even if the changes 
themselves are too slow to be seen. In this investigation, you will 
examine evidence in the field that suggests that at least porti ns of 
the earth's crust are undergoing change. 



OBJECTIV ES: 

'.'hen you have finished this investigation, you should be able to: 

1. identify and interpret evidence that suggests minor changes in the 
earth’s crust. 



METHOD : 

1. Record any evidence in the area that suggests changes in the 
earth's crust. Make sketches or take notes since it may not be 
convenient to revisit the location. 

2. Examine the additional information provided to you by your ins true 
tor about the area, and, using your field observations, draw inter- 
pretations regarding crustal change. 



QUESTIONS : 

(A- 1.11) 1. Describe any evidence for folding, tilting, or faulting 
of rock strata that you were able to observe. From these 
observations draw inferences concerning the past history 
of the area. 

(A-1.21) 2. What does the presence of marine fossils in rock found at 
high elevations suggest to you? 
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If you have the information available, you may want to wr.te the 
actual depth next to the symbol. When you have plotted a number 
of locations (30-100), you should prepare a cross sectio' of the 
area showing both the location and depth of the earthquake 
focuses. When you have plotted all your points, draw a line re- 
presenting the average depth to the focuses as you crosu the 
boundary between ocean and conti n it. Draw inferences from the 
pattern that evolves. 



QUESTIONS : 



(A-2.11 ) 1. 
(C-1.21) 2. 



CD-I .41 ) 3. 



Describe the zones on the earth's surface where frequent 
crustal activity can be expected. 

If much of the earthquake activity occurs along the crust- 
mantle interface, as is sometimes suggested, what can you 
infer about the thickness of the crust under the conti- 
nents as compared to the thickness under the oceans. 

What correlations were you able to observe between earth- 
quake activity, volcanic activity, and mountain range 
locations? How do you think they are related? 
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Challenging (2) 



XI I -A-2b : JAMES HALL'S FIELD TRIP 



QUESTION ; 

What evidence suggests major changes in the earth's crust? 



MA TERIALS : 

Graph paper, supplementary sheet (map and data table), if possible photographs of outcrops 
near each of the mapped stations if possible. 



SUGGESTED APPROACH : 

1. Discuss briefly v ae route along which the stations are located and the evidence provided 
of outcrops located at the stations. (Use pictures if possible.) 

2. Have students use the data to construct a cross section of the sedimentary rock thicknesses 
frail Buffalo to the eastern-most station. 

3. Lead students in an interpretation of the evidence relative to the objectives listed. 
Through questioning, bring out the apparent discrepancy; although most of the sedimentary 
rocks seem to be of shallow-water origin, the rocks are of tremendous thickness, lead 
students in developing possible solutions to the problem. Emphasize the relationship be- 
tween the geology of the eastern and western portions of New York State. 



PRECAUTIONS : 

1. Many students seem to want to start both rock Unit I and II at the surface. It may be 
advisable to permit the student to do this>for he may discover on his own the fact that 
two rock layeis cannot occupy the same space. Be sure that he understands that rock Unit 
I extends from the surface downward and rock Unit II from the bottom of rock Unit I down- 
ward, before he completes the entire investigation. 

2. ■> The data are generalized. The units are lumped together to avoid introducing terminology 

of formations and geologic age. Only the current thicknesses or the rocks are included. 
This omits the great thicknesses that must have been removed during the Mesozoic and 
Cenozoic eras. 

3. Vertical exaggeration should be discussed. It would be valuable to have a few students 
make their cross sections to true scale. 



TYFICAL RESULTS ; 

The cross sections will vary in appearance since students will choose different vertical scales. 
However, this should not affect interpretations. With guidance, students should be abie to 
develop the geosynclinal concept of a shallow sea environment. Briefly summarized, the pres- 
sure of the sediments constantly depresses the sea bottom so that a sediment-filled trough is 
formed with deformation in the areas of greatest pressure. 



MODIFICATIONS : 

l. Introduce the “field trip" by telling the history of James Hall and, if possible, showing 
slides of outcrops found along the east-west route of the trip. (See Background Infor- 
mation for a possible script to such a slide set and an outline biography of Hall.) 



«> 
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2. Obtain a USGS basement rock irap (cost about $3.50), and compare the cross-sectional pro- 
file made in this investigation with it. You will find a trough on the basement map in 
the Eastern U. S. that corresponds with stations 9 and 10. But which came first, the 
sediments or the trough? 



BACKGROUND INFORMAT ION: 

j 

Teachers may wish to organize a slide field trip with script similar to this one. 



dames Hall's Field Trip - To Western New York State - 1838 

James Hall was born in 1811 at Hingham. Mass., on the shore of Massachusetts Bay, 
southeast of Boston. He spent his early years here and no doubt became quite familiar 
with this salt water coastal environment. 

Eventually Hall left Hingham and walked overland to Troy, N. Y., where he attended 
Rensselaer College (now R.P.I.). As he made this journey through western Massachusetts, 
he must have seen these folded metamorphic rocks of Ordoyician and Cambrian age. These 
rocks are between 500 and 600 million years old. 

As he neared the Troy and Albany area he probably observed rocks like these highly 
folded ones located near the New York-Massachusetts line. They are of Ordovician 
age, younger than those in western Massachusetts. 

One of the problems that must have frustrated Earth Scientists of this time was 
the thick layers of sand. like these at Glens Falls, N. Y., that covered most of 
the landscape, hiding from view the bedrock underneath. The concept of continental 
glaciation had not yet evolved, and would not until 1850 when Louis Agassiz came to 
teach at Harvard College. About the only bedrock that Hall could have studied in 
this area were these flat-lying limestones of Ordovician age found along the Hudson 
River above Glens Falls. 

Hall was appointed New York State paleontologist in 1837. In 1038 he organized a 
field trip from Albany westward across New York State. As he moved west from Albany, 
he probably studied slightly tipped and deformed rocks like these or Ordovician age 
near Scotia, just west of Schenectady. 

Across the Mohawk River, to the south, but not far from Scotia, he probably observed 
rocks similar to these that dip slightly to the south and are of Ordovician age. 

About 20 miles further west, he could have seen flat-lying rocks of Ordovician age 
similar to these limestone cliffs exposed along the Mohawk River. 

As he proceeded west to Canajoharie he may have been puzzled by these polished and 
grooved rocks that we now recognize as evidence of continental glaciation. Near 
Herkimer he may have had opportunity to study rocks similar to these gently tipped 
limestones and shales, still of Ordovician age. 

In the vicinity of Utica, muddy looking, flat-lying, thinly bedded layers of shale 
about 440-500 million years old may have been observed. These rocks can be traced 
intermittently westward all the way to the Niagara Gorge at Lewiston. 

Hall would not have been able to observe these younger rocks of Silurian age which 
have been exposed as a result of excavation for a Physics Building on the Syracuse 
University campus. These thinly-bedded, flat-lying, tan colored rocks are about 
50 million years younger than those of Ordovician age which were seen near Utica. 

These Silurian age rocks can be observed in outcrops from a point just west of 
Utica to Camillus, just west of Syracuse, One of the fossils common to this rock 
formation found in the Syracuse area Is the Eurypterid. Hall, a paleontologist, 
probably observed many of these fossils. 

As he proceeded west from Camillus, Hall no doubt studied rocks similar to these 
limestones which outcrop near Batavia and are members of the Devonian period, about 
375 million years old. These represent some of the youngest rocks that Hall could 
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have seen on his trip westward. 

In the Letchworth State Park area, south of Rochester, along the high banks of the 
Genesee River, Hall probably did extensive studies of these Devonian age rocks 
and fossils. 

Another outcrop that Hall may have visited is this Devonian age limestone exposed 
at Indian Falls on Tonawanda Creek about 12 miles west of Batavia. 

Near Buffalo, Devonian age limestone can now be seen in limestone quarries where 
it has been mined for lime and crushed rock. South of Buffalo, Hall may have 
observed this Devonian age shale rock which is only about 350 million years old. 

One of Hall * s last stops, and one of the most fascinating was Niagara Falls, where 
the falls is capped by a layer of Lockport dolostone. 

To the south, the Onondaga limestone forms an escarpment which serves to stabilize 
the level of Lake Erie by forming a resistant lip at the head of the Niagara River, 

As a result of this field trip and later ones. Hall was tc formulate the theory of 
geosynclinal mountain building for which he is best known. 



REFERENCES : 

Investigating the tiavth, pp. 312-315, Teacher’s Guide, pp. 379-385. 
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XII-A-2b: JAMES HALL'S FIELD TRIP 



QUESTION : 

What evidence suggests major changes in the earth's crust? 



INTRODUCTION : 

More than 130 years ago, Jarnes Hall traveled by foot and horse across 
New York State collecting geologic evidence for the history of the area. 
In this investigation, you will use data similar to his. You will 
study photographs of outcrops taken at the data stations which range 
from Buffalo to a point east of Albany. 



OBJECTIVES: 

When you have finished this investigation, you should be able to: 

1. interpret the ancient geologic environment of the area between 
Buffalo and a point east of Albany. 

2. relate the geology of the western portion of the state to that 
of the eastern portion. 



METHOD : 

1. Study the map, data, and information for the "field trip" route. 

2. On graph paper, make a cross section of the sedimentary rock layers 
from station 1 to 10. Rock Unit I is above Unit II. 



Discuss with other students the evidence obtained from the cross- 
sectional profile and the information on the data sheet. 

Interpret the evidence, and write a probable geologic history of 
the area between Buffalo and station 10. 



QUESTIONS : 

(A- 2.21' 1. 



What evidence indicates that the sedimentary rocks graph- 
ed are shallow-water in origin? 

( A-2.22) 2. What could explain the extreme thickness of shallow-water 
deposited sediments? 

(A-l.ll) 3. How do you explain the difference between rocks at sta- 
tions 8-10 and those found at stations 1-6? 



(A-l. . 



A 



What do you think happened to rock Unit I and II at sta- 
10? Why? 
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Thickness in Meters of Sedimentary Rocks 
Below Surface Along Route Shown on Above Map 



Stations 1 2 3 4 5 6 789 10 

Rock Unit I 900 1500 1500 1500 1500 2000 2500 0 0 ? 

Rock Unit II 300 350 650 3000 3300 3300 3000 3300 3300 ? 



Adapted from : Invest igationg the Earth , Teacher's Guide 

Rock types found at various stations 



1 

2, 3, & 4 

5 

6 

7 
» 

8 

9 & 10 



Magana area - horizontal layers 
Flat-lying sedimentary layers 
Pocks contain fossil coral 
Fossils and thin layers common 
Warped sedimentary layers 
Rocks cor. tor ted and shattered 

Rocks greatly disturbed - evidence of igneous activity 
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Difficult (2) 



XII-A-2C THE SPREADING SEA FLOOR 



QUESTION: 

What: evidence sugoests major changes in the earth's crust? 

MATER IALS : 

Student sheet and Supplementary Sheet. 



SUGGE ST ED APPROACH : 

1. Discuss with the students the concept of a magnetic field and tne meaning of a mag- 
netic field reversal. Ask how a magnetic field might be 'Preserved" in molten rock 
as it solidifies. 

2 . A f ter making certain that the students understand the method, this exercise can best 
Ls done as a homework assignment. 

?•. After completion of the assignment, discuss with the students* 

A. The meaning of ocean floor spreading. 

B. The rate at which it is thought to be occurring. 

C. How does it relate to other theories such as the gecsyncline theory and the 

continental drift theory. 



PRECAUTIONS : 

1. Students sometimes have difficulty realizing that the upwelling occurs along the 
mid-Atlantic Ridge and spills ever in both east ahd west directions. Therefore, 
materials of similar age should be located at approximately equal distances east 
and west of the ridge. The magnetic reversal pattern serves only to identify 

rock units of the same age. 

2. As in most natural systems, the movement has not been perfectly symetrical, tne 
distance the rock has drifted eastward is consistently less than the distance it 
S as moved westward, therefore an average must be taken and used for computation. 



TYPICAL RESULTS: 



NUMBER 


“ T~ 1 


1 2 


3 


4 


5 


6 


Distance tfest (km. ) 


40 




80 


104 


118 


134 


Distance East (km.) 


28 


42 


60 


74 


90 


102 


Average Distance (km.) 


34 


56 


70 


89 


104 


ns 


Age From Scale (mi 11 ion yrs^) 


2.8 : 


4.4 


5.6 i 


7.1 


8.4 


9.5 


Rate of Movement (cm./yr.) 


1.21 


1.24 


1.24 


1.25 


1.24 


1.23 



The line drawn by the student for question 1 shouid be about 1.2 cm. long. Africa 
should have been in the indicated position (question 2) about 2.0 X 10 8 years ago. 



2.4 X 10 3 km . 
1.2 cm. 



10 5 cm. 

«m. 



2.0 X 10 8 years. 



yr. 



X 
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For question 3, correspondence should be excellent at all points used in calculation. 
Short intervals may not show up on the general profile because of the amount of material 

magnetized and the lack of sensitivity of the instrument. 



MODIFICATION S: 

Sea floor spreading and the Continental Drift Theory can be demonstrated by using the 
following technique. 

1. Set up the apparatus as shown below. 




not touching it) 



Note: Pour the lighter fluid very slowly, using a piece of cardboard to break its 

velocity. Try to maintain a sharp interface between the more dense (dark fluid} 
and the less dense (light fluid). Density of the fluids can be controlled by 
storing the dark fluid in the refrigerator and the light fluid in a bucket of warm 
water, previous to class time. 

2. Place a transparent lid on the box with a plastic sheet attached to it and sketch the 
position of the "continents" as they appear before the light is turned on. 

3. Observe the light and dark fluids fron the side of the shoe box and sketch the inter- 
face between the two. 

4. Turn on the light and observe both the interface between the two fluids and the 
position of the paraffin blocks. Make sketches of each at 5-mlnute intervals for a 
period of 20 minutes. 

5. Relate what you have seen to continental drift and sea floor spreading. 



REFERE NCES: 

Allan Cox, 6. Brent Dalrymple, & Richard R. Doell , "Reversals of the Earth's Magnetic 
Field," Scientific American , Feb. 1967, Vol 216:2, pp. 44-54 

Samuel W. Matthews & Robert F. Sisson, "Science Explores the Monsoon Sea," National 
Geographic, Oct. 1967, Vol. 132:4, pp. 554-575 

J.D. Phillips, "Magnetic Abnormalities over the Mid-Atlantic Range Near 27°N f " Science, 
Aug. 25, 1967, Vol. 157, pp. 920-922 

W.C. Pitman, III, & J.R. Helrtzler, Science, Vol. 154, 1966, p. 1164 




XII-A-2c: THE SPREADING SEA FLOOR 



QUESTION : 

What evidence suggests major changes in the earth's crust? 



INTRODUCTION : 

When molten volcanic rocks cool and solidify, the magnetic minerals 
in them are magnetized in the direction of the earth's magnetic 
field. They retain that magnetism, thus serving as permanent 
magnetic memories (much like the magnetic memory elements of a com- 
puter) of the direction of the earth's field in the place and at 
the time they solidified. 

In 1906, the French physicist, Bernard Brunhes, found some 
volcanic rocks that were magnetized, not in the direction of the 
earth's present field, but in exactly the opposite direction. 
Brunhes concluded that the field must have reversed. Although his 
observations and conclusions were accepted by some later workers, 
the concept of reversals in the earth's magnetic field attracted 
little attention. In the past few years, however, it has been 
definitely established that the earth's magnetic field has two 
stable states; it can point either toward the North Pole, as it 
does today, or toward the South Pole, and it has repeatedly 
alternated between the two orientations. 

Using a combination of magnetic reversal and atomic dating, we 
shall attempt to make a model of the earth's floating crust. The 
, i ft in the Mid-Atlantic Ranges seems to be a place of upwelling so 
we will concentrate on it. The research vessel Chain of the 
Woods Hole Oceanographic Institute made crossings of the Mid- 
Atlantic Ridge in 1966, using an instrument which shows intensity 
and direction of the magnetic field produced by the rock on the 
ocean floor. The profiles produced by the Chain are shown in 
Figure 1 . 

Using radioactive dating techniques (principally potassium-argon), 
volcanic rocks of the ocean floor in this area were given specific 
ages. The rock ages are shown in Figure 2. 



OBJECTIVES : 

When you finish this investigation, you should be able to: 

1. interpret evidence that suggests that *t least portions of the 
earth's crust are mobile. 

2. given appropriate data, determine a rate of movement of i crustal 
area. 
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METHOD: 

1. Draw a single vertical line through the first peaks to the west 
of the main rift in the magnetic profile (Figure 1). Read the 
distance from the main rift on the scale at the bottom of the 
page (1 mm. = 2 km.), and record it In the data table below. 



PEAK NUMBER 




~r~ 


3 


4 


5 


6 


Distance West (km.) 














Distance East (km.) 














Average Distance (km.) 














Age from Scale (million years) 














Rate of Movement (cm. /yr.) 




L 











2. Repeat step 1 for each set of peaks you see to the west of the 
rift, and record under 2, 3, 4, 5, 6. 

3. Repeat for each set of peaks east of the rift and record under 
1,2,3, 4, 5, 6. 

4. Rind the average distance from the Mid-Atlantic Ridge to each 
magnetic peak. 

5. Using the Time Scale (Figure 2), find the age of the rock at 
each average distance. Record it on the chart. 

6. Assuming that the rock has moved from the central ridge, 
calculate how many cm. /year it moved and complete Chart A. 



QUESTIONS : 



(A-2.41) 1. Describe the age of the nonsedimentary rock found 

near the oceanic ridge relative to that found farther 
from the ridge. 



2. Draw a line that represents the amount of movement 
which occurs on one side of the Mid-Atlantic Ridge 
in one year. 



3. If the distance from Africa to the Ridge is 2400 km., 
how long ago was Africa over the ridge? 

[a? 'fill 4. Below is a Polarity Reversal Time Scale devised by 
l/w.oi; scientists. Does, the polarity of your calculated 

model correspond to this at all points? (Lined areas 



S 8 
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are Normal Polarity; white areas are Reversed Polarity.) 




0 2 4 6 8 10 Million Years 

j i 1 i l J 1 L l l i l 1 1 if ‘ U 1 I 1 1 1 1 1 L k L ml 1 



5. Explain in your own words how the work you have done 
in this lab could lead you to believe in a floating 
crust theory. 



/ 
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SUPPLEMENTARY SHEET XII-A-2c 

FIGURE 1 : ROCK. POLARITY ACROSS THE ATLANTIC 




FIGURE 2: ROCK AGE DETERMINATION SCALE 

n ISO 

Y KILOMETERS FROM THE MID-ATLANTIC RIDGE 1 

50 TOO 

1 I 1 I 1 I ‘l 1 I 1 . 1 j 1 I 1 I 1 t 1 ' 

0 AGE OF ROCK IN MILLIONS OF YEARS 12 
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XII-B-2a: LOCATION OF AN EPICENTER 



QUE STION: 

What are some properties of earthquake waves? 



MATERIALS : 

Seismogram recordings of the same earthquake from three different stations, graph paper, 

globes, drawing compasses or string, and marking crayons. 



SUGGESTED APPROACH : 

1. Discuss with students the characteristics of and the differences between P- and S-waves. 

2. Discuss with the students the operation of the S- and P-wave time-travel graph (Supplemen 
tary Sheet #1 ) . This may pose some difficulty to the students, so make sure they understand 
fully how to use it. (See Background Information.) 

3. Let them "read" the seismograms and, after having determined the distance to the epicenter 
for the three stations, let them attempt to locate the epicenter. The latter can be 
accomplished by constructing intersecting circles on a globe with radii equal to the 
distances from the epicenter. The intersection cf the circles will locate the epicenter. 
Circles can be drawn either using a compass or string. 



PRECAUTIONS : 

1. Students may have difficulty drawing the circles on the globes and also in understanding 
the geometry behind this technique. Some assistance may be needed here. 

A globe is best for this investigation, since only a small area on a flat projection can be 
used without getting involved with distortion. 



TYPICAL RESULTS : 

Because the technique for constructing the circles is difficult to carry out with accuracy the 
circles will probably not intersect at a point but rather will indicate a small area, the center 
of which can be assumed to be the location of the epicenter. 



MODIFICATIONS : 

Provide seismograms from cities within the U, S. for an earthquake whose epicenter Is also 
located within the U. S. It should then be possible to use a map Instead of a globe for locat 
ing the epicenter. 

BACKGROUND INFORMATION : 

The S- and P-wave Time-travel Graph has been constructed by plotting S~ and P-wave arrival 
times, measured at recording stations around the world, versus the known distance of the 
epicenter from the station receiving the waves. Because the stations were different distances 
from the epicenter and since the P-wave travels faster than the S-wave, the time gap between 
arrivals increases with increasing distance from the epicenter. 
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LOCATION OF AN EPICENTER 



QUESTION : 

Hat are some properties of earthquake waves? 



INTRODUCTION : 

If an earthquake is of sufficient magnitude, the shock will be felt 
hundreds of miles away. Most earthquakes, however, can only be felt 
close to the epicenter if at all. Geologists use an instrument called 
a seismograph to detect earthquakes. This is very sensitive even to 
weak shocks. From the recorded information of a seismograph, scien- 
tists are able to tell how far away the earthquake occurred. When. the 
information from stations in different locations is compared, they lean 
determine the location of the epicenter. I 



OBJECTIVES : 

When you have finished this investigation, you should be able to: 

1. Determine from a seismogram the P- and S-wave travel time differ- 
ence, and with a graph of time vs. distance traveled, determine the 
distance of the recording station from the epicenter. 

2. Locate the epicenter of an earthquake given the distances of three 
recording stations from the epicenter. 



METHOD : 

1. Observe the P- and S-waves on the seismograms (Supplementary 
Sheet #2). Determine the difference between the arrival times of 
the P- and S-waves on each graph in minutes and seconds. 

2. Position a sheet of paper along the time axis of the S- and P-wave 
Time- travel Graph (Supplementary Sheet #1) and make two marks on 
the edge representing the P- and S- arrival time difference mea- 
sured at one of the stations. 

3. Slide the paper along the P- and S- curves, keeping the marked 
edge parallel to the time axis, until the distance between the 
curves matches the two marks on the edge of the paper (see diagram). 

4. Make certain the paper edge is still parallel with the time axis, 
and then follow the edge down until it intersects the distance 
axis. The reading at that point will represent the distance the 
seismograph station was from the epicenter of the earthquake. 
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5. Repeat the above process for the other two seismograph stations. 

6. You now know the location of the three seismograph stations and 
the distance each is from the earthquake eipcenter. Now devise 
a method for locating the epicenter on a globe. 



QUESTIONS : 



(B-l.ll) 1. Describe the two major waves that move outward from an 
earthquake epicenter. 

(B-2,11) 2. If the difference in arrival times of P- and S-waves at 
a station is 4.6 minutes, how far from the epicenter is 
the station? 



(B-2.21 ) 3. If a station situated 4000 km. from an epicenter receives 
a P-wave at 3:20 p. m., what time did the earthquake 
actually occur? 



(B-2.11) 4. Why is the travel -time graph applicable for all earth- 
quakes? What assumptions must be made? 

5. Why was it necessary to know the distance from the epi- 
center for at least three recording stations to be able 
to locate the epicenter? 



(B-1.21) 6. If both the S, shear, wave and P, compressional , wave 

were traveling through the same medium, which would have 
the greatest velocity? 



£0 
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Earthquake S- 



and P-wave Time-travel 



Graph 




EPICENTER DISTANCE (xl0 3 km.) 



Adapted from : 

Investigating the Earth, Laboratory Manual 
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Supplementary Sheet #2 



SEISMOGRAMS 



XII-B-2a 





21 min. Balboa Heights, Canal Zone 30 min. 




Adapted from : 

Investigating the Earth, Laboratory Manual 
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Challenging (2) 



XII-D-la: FIELD TRIP THROUGH THE MOUNTAINS 



QUESTION : 

What inferences can be drawn about the processes which may cause crustal changes? 



MATERIALS : 

Student handout sheets, including the supplementary sheet; Rocky Mountain or Sierra Nevada 
Field Trip kits, available from several suppliers (opitional but recommended). 



SUGGESTED APPROACH : 

1. Show filmstrip or slides for Rocky Mountain or Sierra Nevada Field Trip. Advise students 
to take notes of interesting features. (Commentary may be taped to maintain pace and save 
you from trying to read in the dark#) 

2. Make certain the students understand that all predicted curves are based on the assumption 
that the crust material is composed of granite and that at a constant depth of 20 kilometers 
below sea level there is a crust-mantle interface. The mantle rock represents a more 
dense form of rock than the granite crust. 

3. Have the students complete the graphs by plotting in the actual measured data for each of 
the curves. 

4. In post-lab, discuss the interpretations of the graphs. Assist the students in reaching 
the conclusion that the mountains must have "granite roots," and that a constant crust- 
mantle interface at 20 km. below sea level is improbable. 



MODIFICATIONS : 

1. Sierra Nevada Field Trip - Use the commercial slide kit, and have the students prepare 
their graphs from the tables below 



Location 


Distance 

in 

Kilometers 


Elevation 

in 

Meters 


Predicted 


Observed 


Gravity 
cm. /sec. 2 


Gravity 
cm. /sec. 2 


Point Lobas 


0 


0 


979.9 


980.2 


Near Carmel 


5 


120 


972.9 


980.1 


Near Salinas 


18 


17 


979.9 


979.7 


Near San Juan 


24 


170 


979.9 


979.8 


West of San Juan 


30 


70 


979.9 


979.6 


Near Hollister 


46 


100 


979.9 


979.6 


Diablo Range 


89 


830 


979.7 


979.8 


Cen. Valley 


105 


30 


979.9 


979.7 


Sierra Foothills 


118 


83 


979.9 


979.7 


Mother Lode Reg. 


132 


730 


979.7 


978.4 


Yosemite Valley 


163 


2600 


979.1 


978.4 


Tuolme 


177 


3300 


978.8 


977.6 


Tioga Pass 


197 


3300 


978.9 


977.6 


Mono Lake Area 


211 


2170 


979.2 


977.5 



a) Data show acceleration of gravity along the route based on the assumption that accel- 
eration of gravity if 979.908 cm. /sec. 2 at 37°N latitude, and that there is a decrease 
of 0.0308 cm. /sec. 2 per 100 meters of elevation. 

b) Data are based on the assumption that the crust-mantle i.:und*r • 1? at 35 km. below sea 
leveT. 

REFERENCES: 



Investigating the Barth, p. 345, Teacher's Guide, pp. 421-433, '65 iSCP Text pp. 14.21 to 14.24 
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Gravity 

units 



XII-D-la: FIELD TRIP THROUGH THE MOUNTAINS 



QUESTION : 

What inferences can be drawn about the processes which may cause 
crustal changes? 

INTRODUCTION : 

In this age of space exploration and moon landings, it is difficult to 
realize the extent of man's lack of knowledge concerning the interior 
of the earth. We have never sampled the mantle rock which lies below 
the relatively thin granite crust of the continents. Our knowledge of 
the nature of this mantle material and its location is based on in- 
direct evidence such as gravity and heat flow measurements. 

Gravity Measurement : 

Your bathroom scale is actually a gravity-measuring device. The great- 
er the gravitational pull on you, the more the spring in the scale will 
compress. Geologists use a very sensitive meter to measure extremely 
small changes in the pull of gravity. They have found that these small 
changes in gravity are related to the density of the rocks under the 
surface. Refer to the diagram below. 




Distance 



Low density rock 




Earth's surface 




7Z^High density rode 



Rock cross section 



Distance 




High density rock 




Rock cross section 



Heat Flow : 

Although the sun is the primary source of energy at the earth's sur- 
faces small amounts of heat radiate from the earth's interior. Some 
of this heat is thought to be produced by the radioactive decay of 
atoms found in the nonsedimentary rock called granite. If this is the 
case, you would expect slightly more heat flow to occur in areas under 
which the rock granite is found. 

With this information, you are now ready for a field trip through the 
mountains. 



OBJECTIVES: 



When you have finished this investigation, you should be able to: 

1. describe how mountains affect the thickness of the earth's crust, 

METHOD : 

1. Observe the pictures that your teacher has provided for you. 

2. Observe the graph of the area (supplementary sheet) over which 
your field trip has extended. 

3. Plot on the graph the actual measured values given in the table 
below. 



Location 


Distance from 
Grand Junction 


Gravity 


Heat Flow 


Bird City 


600 km. 


978.78 cm. /sec. 2 


4.2 cal ./cm. 2 yr. 


Joe's 


500 


.80 


4.3 


Last Chance 


420 


.80 


4.5 


Denver 


310 


.41 


5.8 


? 


290 


.32 


6.0 


Idaho Springs 


260 


.21 


6.9 


Silver Plume 


235 


.11 


7.1 


Loveland Pass 


225 


.09 


7.4 


Vail Pass 


200 


.12 


6.9 


Vail 


180 


.14 


6.5 


Glenwood Springs 


90 


.25 


4.3 


New Castle 


70 


.32 


4.5 


Grand Junction 


0 


.59 


5.0 



4. Draw inferences concerning the depth to the crust-mantle interface 
based upon your interpretation of the graphs. 

5. If you do not agree with the constant 20 km. below sea level as it 
is drawn on the cross section, sketch on the graph sheet a crust- 
mantle interface as you think it should be. 



QUESTIONS : 



1. Why is there a gravity "low" over the mountains even with 
a constant depth crust-mantle Interface? Why a heat flow 
"high?** 

2. What kind of a pattern for gravity and heat flow would 
you expect If the mountain had deep granite roots? 

3. How does the actual measured pattern compare with your 
deep root prediction? 
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XI 1-0-1 a 

(C-1.21) 4. How does the thickness of the crust under mountains 
compare with the thickness In adjacent areas? 

(D-1.31) 5. Relate the position of the granite mountain In the more 
dense underlying rock to the position of a floating piece 
of wood In water. 

In"! ’Jl ! 6 * Describe a mountain building model that would explain the 
data observed ih this investigation. 

7. What relationships can you observe between the pictures 
taken along the field trip route and the scientific data 
gathered? 
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Predicted Values assuming the Crust-Mantle Interface to 
be 20 km. below sea level. 
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TOPIC OUTLINE 



TOPIC XIII - INTERPRETING GEOLOGIC HISTORY 



Scat QmsUo4f>ic Be ietop/tefal? 

Time Emphasis: 15 days 



INVESTIGATION 
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A. Geologic events 
A-l Sequence of geologic events 

A-l.l Chronology of layers 

A-l. 2 Igneous intrusions, and 
extrusions 

A-l. 3 Faults, joints, and 

folds A-l. 31 

A-l. 4 Internal characteristics A-l .41 

A-l. 42 

B. Correlation techniques 
B-l Correlation 



B-l.l Continuity 

B-l. 2 Similarity of rock 

B-l. 3 Fossil evidence 



B-l. 4 Volcanic time markers 



B-l. 5 Anomalies to correlation B-l. 51 



C. Determing geologic ages 
C-l Rock record 

C-l.l Fossil evidence 

C-l. 2 Scale of geologic time 



C-l. 3 Erosional record 

C-l. 4 Geologic history of an 
area 



How Can the Or dev in Which Geologic events Occur- 
red Be Determined? 




...L 
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How Can Rooks and Geologic Events in One Place Be 
Matched to Another? 




What Does the Rock Record Suggest About Geologic History? 




C-2 Radioactive decay 
C-2.1 Decay rates 



How Can Geo logic Ages Be Measured by Using Radioactive Decay ; 

C-2 .11 



C-2. 2 Half lives 



C-2. 12 
C-2. 13 
C-2. 14 
C-2. 21 
C-2. 22 
C-2. 31 
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C-2. 3 Decay product ratios 



TOPIC XIII - INTERPRETING GEOLOGIC HISTORY continued 



INVESTIGATION 


I 


-Q 

r— 

1 

c 


ns 

I 

CO 


' 1 
1 

( 

o 


Lo 

( 


ns 

CsJ 

1 

CD 


nS 

n— 

1 

Q 


Estimated Time (Periods) 


2 


1 


Oh 


}h 


1»2 


l*s 


2 



t 



LU 

z: 



o 

o 



CL. 

o 



D. The fossil record 
D-1 Ancient life 

D-l.l Variety of life forms 

D-1. 2 Evolutionary development 



What Does the Fossil Re cor’d Suggest About Ancient if fe? 

D-1. 11 
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D-1. 23 
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Mathematical Skill 
Measurement Skill 
Creating Models 
Analysis of Error 
Data Analysis 
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PIO-2 
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PIO-5 
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Multimedia: Check Multimedia Section 

of Supplement for reference to this 
topic. 
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Challenging (2) 



XIII-A-la: GEOLOGIC HISTORY OF N.Y.S. 



QUESTION . 

How can the order in which geologic events occurred be determined? 



MATERIALS : 

1. Student handout sheets and supplementary sheet. 

2. Optional materials include: 

a) Educational leaflet #20, Geology of N.Y.S. , a short account. 

b) N.Y.S. road map 

c) Slides or photographs of rock outcrops and surface features along each one of the 
cross-sectional rofltes 



SUGGESTED APPROACH : 

1. Ask the students to study the N.Y.S. geologic map for the particular symbols used, scale, 
etc. Ask the students to suggest possible cross-sectional models that would explain the 
pattern of rock outcrops observed on their geologic map. 

2. Have students determine over which rock layers they would move if they traveled from Olean 
to Buffalo, and from Binghamton to Syracuse to Watertown. 

3. Have the students examine the Geologic Structure Section (see supplementary sheet #1). Be 
sure they understand the symbols used and the concept of a structure diagram. 



PRECAUTIONS : 

1. Make certain students understand that the cross-sectional diagrams have an exaggerated 
vertical scale. 

2. The cro^s sections are drawn to a larger scale than their geologic maps. 

y 



MODIFICATIONS : 

1. Use New York State locations other than those suggested above. If at all possible, use 
your own location. 

2. See Investigation 20-1, Investigating the Earthy 1965 edition, (paperback). 

3. Give students necessary data, such as dip of bedrock, elevation of outcrops, direction of 
dip, type of bedrock, etc., and have them construct a structural cross section. 
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4. Have the students use stereo pairs of photographs, and, on a transparent plastic overlay, 
have them trace a particular formation along its outcrop. This would be similar to walk- 
ing the outcrop. This can be done in one of the stereo booklets available from several 
suppliers. 

If the stereo-pair booklet is not available, individual stereo pairs may be obtained from 
the Map Information Office, U.S. Geological Survey, General Services Administration 
Building, Washington, D. C. 20242, at a cost of $1.00 per 9"x9" photograph. The follow- 
ing are recommended: 



Arizona set #4 - consisting of 3 photos 
Wyoming set #7 - consisting of 2 photos 

For other possibilities, refer to U. S. Geologic Survey Professional Paper #590, Selected 
Aerial Photographs of Geologic Features in the U. S. 



REFERENCES : 

1. Geology of New York, Educational Leaflet #20, New York State Museum and Science Service 
(this includes both a descriptive text and a geologic map; one copy is free to each New 
York teacher who requests it, (additional copies are $1.). 

2. For information regarding the following areas: Watkins Glen, Niagara Falls, Cayuqa and 

Keuka Lakes, Lake Ontario, see Problem Book and Teaohev's Guide , SRA, Inquiry Development 
Program in Earth Science. 
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XIII-A-la: GEOLOGIC HISTORY OF N.Y.S. 



QUESTION : 

How can the order in which geologic events occurred be determined? 
INTRODUCTION : 

What type of bedrock is beneath the soil you walk on? How old is it? 
How did it form? How far would you have to go to find a different 
kind of bedrock? In which direction? 



OBJECTIVES : 

When you have finished this investigation, you should be able to: 

1. determine from a geologic map the type of bedrock present at a 
given location, and relate a subsurface cross section to it. 

2. deduce, from the type of rock present, a general geologic history 
of the area. 



METHOD : 

1. Study your geoloqic map of New York State carefully. (See Student 
Reference Tables.) Determine the meaning of all symbols used as 
well as the scale. 

2. Study the Geoloqic Structure sections on the Supplementary Sheet. 
On the Diagram (next page), the points A, B, C, D, etc., are posi- 
tioned for you. They are not drawn to the same scale as your 
geologic map. 

3. Locate on your geologic map the general positions of lines: A-B- 
C-D, E-F, and G-H (If you wish to draw them on your map, use a 
lead pencil so the lines can be removed.) 

4. A New York State road map may be helpful in locating some of the 
towns mentioned. 
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XIII-A-la 




QUESTIONS : 

1. If you could drill a hole at Binghamton, what rock layers 
would you pass through? List them in order of age. How 
do you know? 

2. Approximately how thick is each of the layers listed in 
the answer to question one? How do you know the thick- 
ness of the top and bottom layers? 



3. Does the area between Binghamton and Syracuse have the 
same geologic history as the northeastern part of the 
State? The same rock type? Which area is older? Explain. 

(B-l.ll) 4. If you walked along the banks of the Mohawk River, where 
would you find outcrops of Ordivician rock? Of Silurian 
rock? 

(A-1.31) 5. Note the arrows near Dolgeville on cross section (G-H). 

What do they represent? What is their age relative to 
the rocks in which they are found? Explain. 



(B-l.ll) 6. How could you trace the extent of a particular rock layer, 
for the purpose of drawing a geologic map of an area? 




o 
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XIII-A-1? 

(B-1.21) 7. What evidences would you use to determine if you were on 
the same rock layers as you traveled along a route? 

(B-1.33) 8. Certain fossils, such as, favosites which are found main- 
ly in Silurian rocks of New York State are also found in 
other parts of the world. What does this suggest about 
the rocks in these other areas? 





Supplementary Sheet #1 



GEOLOGIC STRUCTURE SECTIONS 



X 1 1 1-A-la 
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SUPPLEMENTARY SHEET #2 



XIII-A-U 



LIST OF GUIDEBOOKS AVAILABLE FROM 
NEW YORK STATE GEOLOGICAL ASSOCIATION 

Information on Field Guidebooks 



Please understand that the Association is not in the publishing business and that the Office of the 
Permanent Secretary has no salaried staff but operates free-of-charge as a service to the geological 
profession. 

Financial transactions, therefore, must be kept at a minimum . 

Orders for guidebooks (see listing of contents) will be filled postpaid upon receipt of cash, check, 
or money order made payable to Philip C. Hewitt, Secretary, New York State Geological Association, State 
University College, Brockport, New York, (see price list below). Please order by year of publication. 

1957 through 1965 guidebooks $2.50 per copy 

1966 and 1967 guidebooks $3.25 per copy 

1968 guidebook $6.00 per copy 

IMPORTANT : Invoices, order forms, standing orders, etc, cannot be processed . 

NOTE: The Association maintains a nearly complete permanent file of field notes and guidebooks of the 

Association Me ‘.tings (1925 to present) which may be consulted by interested parties at the Office 
of the Permanent Secretary, Department of Geology and Earth Science, State University College at 
Brockport, New York 14420. 

List of Field Guidebooks 

1957 29th Annual Meeting, Wei 1 svi lie, N.Y. (N.Y. State Geological Survey) $2.50 

(60 printed pages, 3 fold-out maps) 

1958 30th Annual Meeting, Peekskill, N.Y. (The City College of N.Y.) 2.50 

Field Trips and Pertinent Articles: (62 printed pages, 

7 fold-out maps) 

1959 31st Annual Meeting, Ithaca, N.Y. (Cornell University) 2.50 

(48 printed pages) 

1960 32nd Annual Meeting, Clinton, N.Y. (Hamilton College) 2.50 

(66 printed pages, 3 fold-out maps) 

1961 33rd Annual Meeting, Troy, N.Y. (R.P.I.) 2.50 

(101 printed pages) 

1962 34th Annual Meeting, Port Jervis, N.Y. (Brooklyn College) 2.5 r 

(81 printed pages, 4 fold-out maps; 

1963 35th Annual Meeting, Binghamton, N.Y. (Harpur College) 2.50 

(98 printed pages, 5 fold-out maps) 

1964 36th Annual Meeting, Syracuse, N.Y. (Syracuse University) 2.50 

(126 printed pages, 1 fold-out map) 

1965 37th Annual Meeting, Schenectady, N.Y, (Union College) 2.50 

(122 printed pages, 2 geologic color maps) 

1966 38th Annual Meeting, Niagara Falls, N.Y. (State Univ. of N.Y. at Buffalo) 3.25 

(139 printed pages) 

1967 39th Annual Meeting, Newburgh, N.Y. (State University College at New Paltz) 3.25 

(150 printed pages, 3 fold-outs with map & sections) 

1968 40th Annual Meeting, Flushing, N.Y. (Queens College, City University of N.Y.) 6.00 

(253 printed pages, 5 fold-out maps) 

1969 41st Annual Meeting, Plattsburgh, N.Y. (State University College) 

1970 42nd Annual Meeting, Cortland, N.Y. (State University College) 
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Easy (1) 



XIII-A-lb: GEOLOGY OF THE GRAND CANYON 



QUESTION : 

How can the order In which geologic events occurred be determined? 



MATERIALS : 

Student sheets, slides, maps, plastic models, stereo aerial photographs, and/or fossils 
of the Grand Canyon. 

SUGGESTED APPROACH : 

1. Discuss terms such as Intrusion, unconformity, fault, etc. 

2. Slides or filmstrip of Grand Canyon may be shown If available. 

3. Permit students to complete the lab as a homework assignment. 



PRECAUTIONS : 

1. The Grand Canyon is such a vast area that you should center student attention on 
only portions of it at any one time. They can be successful in interpreting single 
events, but do not ask them to Interpret the history of the entire Canyon all at once. 

2. 'e prepared to help, by questioning, students who quickly become "lost" in the 
complexity of the Canyon. 

3. Encourage students to constantly relate back to the materials used In step 1 while 
answering the questions. 



BACKGROUND INFORMATION : 

At the base of the Grand Canyon Is the Vishnu Schist, a sedimentary-derived rock. The 
first step was probably the deposition of sediments In a shallow sea. The thickness of 
the material is estimated to exceed 5 miles. Based on studies of the rock's composition, 
the rate of deposition approximately equaled the rate of subsidence In the deposltional 
basin. The Vishnu materials were further burled deeply enough to Initiate metamorphism 
of the materials along with associated volcanic activity. 

Uplift, as at least deformation of the crust, caused the metamorphism to be completed. 

At this time, Igneous Intrusions and/or recrystalllzatlon produced granitic material. 

Uplift and succeeding erosion produced a peneplane-llke surface. Next, subsidence and 
deposition resulting In the Grand Canyon series, more than 12,000 feet thick, occurred. 

In turn, these were uplifted, block faulted, and eroded. 

Submergence and deposition occurred repeatedly to produce the various unconformities 
that appear In the layers. 

As a "final" step, the Colorado River eroded a channel, and as uplifting continued, the 
river became entrenched and the canyon deeper until the present depth of more than 1 mile 
was achieved. 
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XIII-A-lb: GEOLOGY OF THE GRAND CANYON 



QUESTION : 

How can the order in which geologic events occurred be determined? 



INTRODUCTION : 

One of the foremost tcurist attractions in the U.S. today is the 
Grand Canyon. To the average person, it is a place of beauty and 
wonder, too large for the mind to comprehend. To the earth 
scientist, it represents one of the best examples of geoloqic 
history in the world. 

On the upper levels of the canyon, normal seasonal changes are 
observed, while on the canyon bottom the climate remains the same 
the year around. 

The exposed rock ranges from Precambrian age through Paleozoic and 
Mesozoic to Eocene. It is, at the same time both young and old, 
inviting and forbidding, peaceful, and violent. 



OBJECTIVES : 

When you finish this investigation, you should be able to: 

1. determine relative ages of rocks and make inferences about 
the geologic events which produced them. 

METHOD : 

Examine the diagram below and answer the following questions: 
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XI II-A-lb 



QUESTIONS : 

1. Which rocks are older, the sedimentary or nonsedimentary 
ones? Explain. 

(A-1.21) 2. What is the age of the intrusive rocks relative to the 
rocks surrounding them? 

(C-1.31) 3. What does the irregular surface between the sedimentary 
and nonsedimentary rocks suggest? 



(A-1.31) 4. Notice the arrow indicating movement along a fault. What 
is the age of this fault relative to the Precambrian rocks? 
To the Cambrian rocks? 



(B-l.ll) 5. If you wanted to trace the boundary of Triassic rock in 
order to draw a surface map, how could you do it? 

(B-1.21) 6. How could you determine if a rock at a particular eleva- 
tion on one side of the canyon was the same as one at an 
identical elevation on the other side? 



(B-1.31) 7. In which rocks would you most likely find fossils? In 
which ones would they most likely not be present? 
Explain. 

(B-1.41) 8. From the diagram, and your knowledge of earth science, 
give a brief geologic history of this particular region 
of the Grand Canyon. 





Easy (.5) 



XIII-B-la: FOOTPRINT PUZZLES 



QUESTION : 

How can rocks and geologic events in one place be matched to another? 

MATERIALS : 

Student sheet containing first section of fossil footprints* transparencies containing 
entire puzzle which can be blocked out in sections. (See Supplementary Sheet #1) 



SUGGESTED APPROACH : 

1. As a homework assignment, give students the first section of the footprint puzzle. 
Ask them to interpret what might have taken place to result in such footprints and 
whether they can tell anything about the size or type of animals that made them. 

Do not mention that there is more to come until the second day when the new-found 
evidence is introduced. 

2. Remind students that the paleontologist is a type of detective who tries to recon- 
struct the past, and, in doing sc\ he forms a number of hypotheses, the best of which 
are supported by the greatest amount of evidence. Use a transparency of the home- 
work section of footprints, and have students describe their interpretations and 
their evidence. 

3. Show a transparency of the second portion of the footprints, and ask if anyone wants 
to modify his Interpretation or has evidence for a new one. 

4. Project the completed puzzle, and ask for completion of the interpretation. Accept 
any reasonable interpretation that is consistent with all the evidence. Encourage 
students to criticize each other's Interpretations and to defend their own with 
evidence. Remember, there is no one right answer. 

5. Remind the students of I-A-lb - Puddle Observations. 



PRECAUTIONS: 

1. Do not reproduce Supplementary Sheet #1 for student use. 

2. Do not prejudice students toward accepting one interpretation as the correct one. 

3. Be sure students make interpretations that are directly derived from the data and 
are consistent with them. 

4. If you feel it is important for students to realize they are working with dinosaur 
footprints you may have to tell them so. Most students seem to favor birds unless 
reminded of the age or told a size scale. 



TYPICAL RESULTS : 

A class can develop several hypotheses that are defensible. Some examples are enemies 
fighting, a mother picking up a baby, one of the animals flies away, and the tracks have 
been made at separate times. 
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XlIl-B-la 



MODIFICATIONS : 

Have students: 

1. Make casts and molds of present-day animal tracks. 

2. Interpret present-day animal tracks. 

3. Make their own tracks in as many different ways as possible (running, hopping, 
crawling, skipping, etc.), and present them to each other as puzzles. 

REFERENCES : 

Tnr ; selling the Earth , p. 416, Teacher’s Guide, pp. 522-523, 525-527 




82 



XIII-B-la: FOOTPRINT PUZZLES 



QUESTION : 

How can rocks and geologic events in one place be matched to another? 
INTRODUCTION : 

The scientists who study fossils, paleontologists, are like detec- 
tives, trying to reconstruct the geologic past from scattered clues 
and incomplete evidence. Like detective work, the clues and evi- 
dence always can be interpreted in more than one logical way; 
there are only better and worse hypotheses, not right and wrong 
ones. In this investigation, you will work with a set of fossil 
footprints and, based on the evidence, hypothesize the action that 
might have taken place to produce them. 



OBJECTIVES : 

When you finish this investigation, you should be able to: 

interpret the footprints as a record of some event that occurred 
in the geologic past. 

2. describe a probable action occurring during the event. 



METHOD: 



1. Study the fossil footprints. Write an interpretation of what 
may have taken place. 
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XII 1-6-1 a 



QUESTIONS : 



1. What kind of animals do you think made the footprints? 
How big were they? Why do you think so? 

2. What event occurred that caused the footprints? Why 
do you think so? 

3. Could any other events have caused the footprints? Why? 

(B-1.32) 4. What sort of environment do you think this was at the 
time the footprints were made? Why? 

(B-1.31) 5. Were the footprints found in sedimentary or nonsed- 
imentary rock? Explain. 
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Supplementary Sheet #1 
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Challenging ii.i) 



XIII-C-la: GEOLOGIC TIME LINE 



QU ESTION: 

What does the rock record suggest about geologic history? 



MATERIAL:*: 

Adding machine tape, at least 5 meters long per student, list of events and ages of 
things in the geologic past (see Supplementary Sheet), and meter sticks. 



SUGGEST ED APPROACH : 

1. Briefly discuss the expanse of geologic time with the students. Ask them how a 
model could be constructed to represent the expanse of geologic time. 

2. Give the students the list of events and ages, and instruct them to make a time line 
that will include every item on the list. Suggest that they decide on the scale 
they want to use before making any marks on the adding machine tape. If any 
students want more or less than b meters of tape, allow them to have it. 

3. Have the students compare their time lines; this can be done easily by lining up the 
lines on the floor or taping them to the wall. Discuss with them any questions or 
problems resulting from the time line. 

4. If possible, permit the students to use an area of the gym or corridor so they can 
, get a better idea of the relative lengths of time. 

5. In postlab, impress upon the o^udents ideas such as: 

A. man's recent arrival upon the scene 

B. the long periods which were apparently "lifeless," or at least left few or no 
fossils 

C. there are popular misconceptions such as the cave man living during the age of 
dinosaurs 



P RECAUTIONS : 

1. Some students have a great deal of difficulty establishing a scale and marking it on 
the tape. Check every student after the first few minutes of work. 

2. Don't turn this into an art project. However, neatness and accuracy should be encouraged. 

3. Allow enough time at the end of the period to roll up the longer strips of paper. 

4. The teacher may want to update the chart yearly to keep the numbers accurate. 



TYPI CAL RESULTS : 

Unless students are careless, most of them should have their tapes scaled correctly and 
most of the items placed correctly on the time line. Many will have difficulty with 
the more recent dates and will want to change their scales so that they can fit in 
everything. You might ask several students to determine how long a strip they would 
need in order to fit everything on it. In some cases, it may extend to over 30 meters. 
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Xlll-C-la 



MODI FICATIONS : 

1. If you have included astronomy in your course, you may want to have students make a 
double-scaled time line and on the second scale place astronomical objects and their 
estimated distances In light-years. 



REFERENCES: 



Investigating the Earth , pp. 384-387, Teacher's Guide, pp. 475-478 



